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AN EVALUATION OF CERTAIN AGRONOMIC AND DISEASE 
CHARACTERS IN ADVANCED GENERATIONS OF 
BULK HYBRID OAT POPULATIONS1 
RICHARD ELTON ATKINS 
From the Department of Agronomy, Iowa State College 
Segregates from the F 3, F 7, and F 8 generations of bulk hybrid oat 
populations were tested in the greenhouse for reaction to specific races 
of crown and stem rust and for reaction to Helminthosporium victoriae. 
Bulk F 7 and F 8 populations of ten oat crosses and fifty segregates from 
each bulk population were grown in the field and evaluated for yield, 
date of heading, date of maturity, and plant height. 
The forces of natural selection were very effective in increasing the 
proportion of disease resistant types in advanced generations of bulk 
populations. The intensity of such selection was proportional to the 
prevalence and severity of infection of the specific diseases. 
Bulk populations which gave the highest yields in replicated tests 
in the early segregating generations did not produce the greatest propor-
tion of high yielding segregates in subsequent generations. These results 
suggest that considerable high yielding germ plasm may be lost if bulk 
crosses are discarded on the basis of early generation yield performance. 
No association was evident between heading date, maturity or plant 
height of segregates from bulk populations, and the previous yield per-
formance of the bulk population. 
Correlations between successive generations for yield of bulk hybrid 
populations were consistently low. Predictions of yield performance of 
bulk hybrids from their performance in previous generations appear to 
be of limited value. Bushel weight was highly correlated in successive 
generations and valid conclusions may be drawn from bushel weights 
obtained in early generations. 
The extent of difference in yield, maturity, and plant height of 
parental varieties involved in a cross was of no value in predicting the 
range obtained from these characters in a random group of segregates 
from a bulk population of that cross. 
' Doctoral thesis number 891, submitted March 15, 1948. 
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THE CHARACTERIZATION AND EVALUATION OF DROUGHT 
HAZARD IN IOWAl 
GERALD L. BARGER 
From the Department of Agronomy, Iowa State College 
Methods for characterizing drought intensity and for estimating the 
frequency of droughts of certain intensities have been developed. Esti-
mates of the minimum amounts of rainfall required by the corn crop 
during time intervals of n consecutive standard weeks, where 1 <: n < 16, 
have been determined. (Standard climatological weeks are numbered 
1 through 52 beginning with March 1-7 as the first week.) The fitting of 
curves to the frequency distributions of n week rainfall totals has afforded 
a means of evaluating the drought hazard for a given soil association area 
in Iowa in terms of probability of occurrence. 
Analysis of rainfall records for six stations-Fayette, Rock Rapids, 
Ames, Clarinda, Corydon, and Fairfield-has been completed. Average 
annual corn yields for the counties in which the stations are located 
were used to- define the base amounts of rainfall required for an average 
corn crop in each county. These base amounts, for periods of one to 
sixteen weeks at each station, are shown in Table 1. Any n week period 
during the corn growing season (beginning May 17 and ending Septem-
ber 5) , which shows a total precipitation amount less than the base 
amount for the corresponding value of n in Table 1, experiences a rain-
fall deficit or drought. The largest such deficit for one season, regardless 
of the length of period observed, is correlated rather closely with corn 
yield. In fact, 25 to 60 per cent of all variation in average county corn 
yields of these six counties, for the years in which drouth occurred, is 
explained by this maximum rainfall deficit alone. 
With the above indication that the measure of drought intensity 
adopted does have some significance with relation to Iowa agricultural 
production, a method was devised for estimating the likelihood of occur-
rence of drought at each station studied. The frequency distribution of 
n week rainfall totals is bounded at zero and tails out to the right, par-
ticularly when n is small; i.e., for short periods of time. The incomplete 
gamma distribution shown in the equation proved a good fit for these 
positively skewed distributions. With the origin at zero this incomplete 
gamma distribution takes the form 
N(y) -yx p- l 
Y = ---e x 
r (p) 
where N is the total frequency, x is the n week rainfall total in inches, 
and p and y are parameters estimated by maximum likelihood approxi-
mations which are jointly sufficient. 
' Doctoral thesis number 907, submitted June 7, 1948. 
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THE DROUGHT HAZARD IN IOWA .5 
From this equation the probability of receiving less than the base 
amount of rainfall, xd, during a run of n weeks beginning with a certain 
week m, was computed with the aid of a set of tables of the incomplete 
r-function. Table 2 gives the probabilities associated with droughts of 
varying length beginning with week number 12 (May 17-23) at each 
station. Similar computations were completed for other dates of begin-
ning throughout the season, and by interpolation the probability of ex-
TABLE 1 
MINIMUM REQUIRED n WEEK RAINFALL (1NcHEs) 
Station 
Rock 
n Rapids Fayette Ames Clarinda Corydon Fairfield 
1. . . ...... * . . . . . . . . . . ... . ... . . . .. . ... . ... 
2 .. ............. . .. . 0.13 ... . 0.19 0.24 .. .. 
3 ............... 0.30 0.42 0.32 0.68 0.75 0.43 
4 . ......... .. ... 0.74 0.80 0.71 1.20 1.31 0.96 
5 . .. ...... . .... . 1.22 1.28 1.14 1.74 1.92 1.55 
6 ..... . ......... 1.72 1.85 l.61 2.30 2.59 2.21 
7 ... ........ . . .. 2.26 2.52 2.13 2.89 3.32 2.92 
8 ............... 2.83 3.28 2.68 3.50 4.10 3.71 
9 ....... . .... . .. 3.43 4.15 3.27 4.13 4.94 4.55 
10 ......... ...... 4.07 5.10 3.90 4.79 5.83 5.45 
11. . . ....... . .... 4.73 6.15 4.58 5.48 6.78 6.42 
12 ..... . ...... ... 5.43 7.30 5.29 6.17 7.79 7.45 
13 ... .. ... . ...... 6.16 8.54 6.05 6.92 8.85 8.55 
14 ..... . ... . . ... . 6.93 9.88 6.84 7.67 9.96 9.70 
15 . . . ... .. ....... 7.72 11.32 7.68 8.45 11.14 10.92 
16 .......... . .... 8.55 12.85 8.56 9.26 12.36 12.20 
*Negative amounts from regression omitted. 
periencing less than xd inches of rainfall during any n week period 
beginning during the growing season could be estimated. Similarly, the 
probability of rainfall in any given class interval could be calculated. 
The uses of the distribution function are by no means limited to this 
drought study. Likelihood of excessive rainfall could be found just as 
readily. 
Table 1 indicates some rather definite differences between bases 
for various stations. The differences between Rock Rapids and Fayette, 
Fayette and Corydon, Ames and Clarinda, Ames and Corydon, Clarinda 
and Corydon, and Clarinda and Fairfield did prove statistically signifi-
cant. However, the same bases might well be used for Rock Rapids 
and Amel? and another for Corydon and Fairfield. The probability of 
drought, of course, combines the rainfall contingency at a station with 
the drought base characteristic of that area, so the relationship between 
stations is somewhat modified in Table 2. Table 1 shows how much 
rainfall is needed for an average corn crop in each county; Table 2 gives 
the probability of getting this amount or less. 
6 G. L. BARGER 
In general, Corydon and Fairfield represent the most susceptible 
portion of the state from the standpoint of drought hazard. Since these 
areas get as much or more rain than most of the other stations, this high 
contingency for drought must be due to the high base amounts needed 
in these two sections. Probably these high requirements are occasioned 
chiefly by soil characteristics, though some differences in evaporation 
conditions may be influential. The latter conditions must be the object 
TABLE 2 
E STIMAT ED DROUGHT PROBABILITIES* 
Station 
Rock 
n Rapids Fayette Ames Clarinda Corydon Fairfield 
1. .. . .. . ... " .. 0.00 0.00 0.00 0.00 0.00 0.00 
2 .... . . . . . ..... 0.00 0.03 0.00 0.01 0.03 0.00 
3 .. . ..... . ..... 0.04 0.02 0.01 0.04 0.06 0.02 
4 .... . ........ . 0.04 0.02 0.02 0.04 0.07 0.03 
5 . . . ........... 0.04 0.02 0.02 0.05 0.09 0.05 
6 .............. 0.04 0.02 0.03 0.06 0.10 0.06 
7 ...... . ....... 0.04 0.03 0.03 0.06 0.12 0.08 
8 . . .. .. ....... . 0.05 0.03 0.04 0.06 0.14 0.10 
9 ... .. ...... . .. 0.05 0.05 0.04 0.06 0.16 0.12 
10 .. ......... . . . 0.06 0.06 0.05 0.07 0.19 0.14 
11 ............ . . 0.07 0.08 0.05 0.09 0.23 0.1 7 
12 . .... .. .... ... 0.08 0.11 0.06 0.08 0.25 0.18 
13 . ...... ... . . . . 0.08 0.15 0.07 0.08 0.29 0.21 
14 .. . ...... ..... 0.09 0.18 0.08 0.08 0.31 0.25 
15 . ... .. . ....... 0.11 0.24 0.09 0.10 0.34 0.29 
16 .......... . ... 0.13 0.32 0.10 0.10 0.36 0.33 
*m=12 
of some detailed study before their effects can be evaluated accurately. 
It is thought that the tight, impermeable nature of the B horizon in most 
of the Grundy, Shelby, Seymour, and especially Edina soil types in 
southern Iowa limits moisture intake and plant root growth to such an 
extent that the available water supply at any one time is rather small 
and must be replenished at relatively short intervals of time. 
The western counties have a greater probability of drought occur-
rence than the central and eastern areas, but here the rainfall distri-
bution itself is a factor. Fayette, for example, enjoys a more bountiful 
supply of summer rainfall than does Rock Rapids and consequently is 
less likely to suffer drought, even though .the requirements are greater 
around Fayette than in the Rock Rapids vicinity. 
The analysis of data for several more stations is contemplated, and 
it is hoped that tables of probabilities for useful ranges of p, y, and x 
will be compiled before this phase of the study is completed. Such tables 
would make it possible to read directly the probability of occurrence 
of rainfall amounts in a desired class interval, once the estimates of the 
three parameters in the equation had been computed. 
FLOW OF VISCOUS FLUID BETWEEN SLOWLY 
ROTATING ECCENTRIC CYLINDERS1 
JAMES w. BEACH 
From the Department of Mathematics, Iowa State College 
This paper deals with the problem of the slow, steady motion of an 
incompressible, viscous fluid between two eccentric, rotating, infinitely 
long cylinders whose axes are vertical. The fluid is subject to the restric-
tions necessary to obtain 
t.4 '\)! = 0 (1) 
as the differential equation for the flow of a fluid, 2 where '\)! is the stream 
function. In addition, it is assumed that a viscous fluid adheres to the 
walls of the bounding cylinders which gives the boundary conditions 
o'l)! 
on Qi '\)!(Qi) =Mi and--= -2N1 
on (2) 
'\)! (Q2) o'iJ on Q2 =M2 and--= -2N2, 
on 
where M1, M2, N 1 , and N 2 are constants, Q1 is the radius of the outer 
cylinder, and g2 is the radius of the inner cylinder. 
Any cross section perpendicular to the axes of the cylinders gives 
two eccentric circles. The x-axis is taken along their common diameter 
and the origin at the internal intersection point of the family of circles 
orthogonal to the eccentric circles. The centers of the bounding circles 
are at (h1 , 0) and (h2, 0). The distance between the two points common 
to the orthogonal circles is the constant a. The general solution3 of 
equation (1) is 
'l)! (z,z) = <I>o (z) + <I>o (z) +z ®o (z) + z ®o (z), 
where % (z) and ®0 (z) are analytic function of the complex variable 
z = x + iy and the bar over a function indicates the conjugate function. 
This solution is transformed by the transformation 
-aa 
z= w(a) =-- or 
1 +Cl 
-z 
a= u+iv = ---, 
a+z 
(3) 
'Doctoral thesis number 904, submitted June 5, 1948. 
•Richard Von Mises, and Kurt 0. Friedrichs, FLuid Dynamics. Brown Uni-
versity, Providence, R. I., 1941, p. 151. 
' I. S. Sokolnikoff, Mathematical Theory of Elasticity. Brown University, Provi-
dence, R. I., 1941, pp. 243-44. 
M. Goursat, "Sur !'equation AAu = O." Bul. Soc. Math. de France, 26: 236. 1898. 
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which transforms the region between the eccentric circles to the region 
between concentric circles with radii r 1 and r2 • The general solution 
transforms to 
'ljJ(a;<i) = <I>(a) + <I>(a) + w(a) ®(a) + w(a) ®(a). (4) 
From physical considerations the stream function, 'ljJ, is single-valued 
in the region as are its derivatives. To satisfy these conditions the 
functions <I> (a) and® (a) must have the following forms: 
<I> (a) = H w (a) ln a+ F ln a+ <I> 3 (a) 
®(a) =Hlna+®3 (a). 
(5) 
His a complex constant, F a real constant; <I>3 (a) and ®3 (a) are single-
valued functions. These functions, <I> 3 (a) and ®3 (a), are expressed as 
infinite series by a Laurent's expansion in re18 with undetermined coeffi-
cients. 
Because the normal derivative of 'ljJ is not readily expressed as an 
infinite series the directional derivative along the circles orthogonal to 
the bounding circles is used. This function is 
ow z 
- 2 --- eiO 
oz z 
(6) 
and is equal to the normal derivative at the boundary, so it is known on 
the boundary. 
The functions (4) and (6) are both expressed in terms of (5) and 
then <I>3 (a) and ®3 (a) expressed as infinite series. The values of r on the 
two circles are substituted into the result and these functions are then 
set equal to their values on the boundary. Like powers of eiO are equated. 
The infinite number of equations so obtained are solved for the unknown 
coefficients in the Laurent's series and also for H, H , and F. The results 
are substituted into (4) giving the value of the stream function in the 
a-plane. This is then transformed to the z-plane. The final solution of 
the equation (1) under the conditions stated is 
FLOW OF VISCOUS FLUID 9 
'V (z,z) = Al [ zz (l- r i )r12 ] (-z-z-a) + (a+z) (a+z)r12 r12 - r 22 
(l- r12) (l- r 22) 
+ P (r12 - r22) ln ! l [ zZ + zz a (r12 - r 22 ) (a+z ) (a+z)r12 
z+z 
+--
a 
] -
r12r 22 (a+z) (a+z) 
-------<z+z) 
azz 
zz zz 
a(a+z) a(a+z) 
(7) 
Nir 1 (l- r 22 ) - N 2r 2 (l- r 12 ) 2P (l-t:12) (l-r22) (rL2-r22) 
A = - + ------------
P = -------------
r12 
2 (r22- r 12) + (r12+ r22) ln--
r 22 
a 
It is shown that by taking the limiting value of this solution as the 
cylinders become concentric the solution for concentric rotating cylinders 
is obtained. 
The solution (7) is used to obtain the torque and thrust on either 
cylinder. The torque is 
- A 
Tk = 8n: µ - -(a+ 2hk) + P(r12+ r 22) , k = 1or2, 
r12 
ln-
r 22 
where µis the coefficient of viscosity. If k = 1, the torque on the outer 
cylinder is given while the value on the inner cylinder is given by setting 
k = 2. The thrust in the direction of the common diameter of the bound-
10 J. W. BEACH 
ing cylinders is zero and that normal to this direction, per unit height 
of the cylinders, is 
A 
Fy= 16:n:µ--. 
r 12 
ln--
r 22 
These results are valid whether one cylinder is rotating or both. 
The relationship between this problem in flow of fluid and the 
problem of deflection of a circular plate with an eccentric hole is dis-
cussed. 
This paper presents the solution of the problem of the slow, steady 
flow of a viscous fluid between rotating, infinitely long, eccentric cylinders 
by a method not previously used on this problem. The torque and force 
on either cylinder are given and special cases are discussed presenting 
the effects of changing eccentricity or relative velocity of the bounding 
cylinders. All results are applicable whether one cylinder or both are 
rotating. 
SOME SUBSTITUTION REACTIONS OF 
ORGANOSILICON COMPOUNDS1 
ROBERT ANTHONY BENKESER 
From the Department of Chemistry, Iowa State College 
Substitution reactions on organosilanes are usually complicated by 
a partial cleavage of the carbon-silicon bond since this bond is generally 
unstable in the presence of halogens or strong acids. Accordingly, it was 
the purpose of this thesis, in part, to study the optimum conditions for 
such reactions so as to establish them as possible synthetic tools for 
preparing new and biologically useful organosilicon compounds. 
The following substitution reactions were successfully accomplished: 
triethyl-p-anisylsilane, b.p. 100°-103° / 0.2 mm., was metalated with butyl-
lithium to yield on carbonation triethyl-3'...carboxy-4-methoxyphenylsilane, 
m .p . 52°-56° ; triphenyl-2-thienylsilane was metalated with butyllithium 
to yield on carbonation presumably triphenyl-2-thienyl-5-carboxysilane, 
m .p. 188°-190"; trimethylphenylsilane was nitrated with fuming nitric 
acid (d. 1.5) to yield largely trimethyl-p-nitrophenylsilane, b.p. 82°-
830 / 0.7 mm. This nitro compound could be reduced with Raney nickel 
at 50 lbs. of hydrogen pressure to the amine, b.p. 66°-66.5° / 0.7 mm. 
The following substitution attempts were unsuccessful: the attempted 
bromination of trimethylphenylsilane resulted in cleavage of the tri-
methylsilyl group, and a 72 per cent yield of bromobenzene was obtained; 
there was no reaction between triethylphenylsilane and butyllithium; 
the attempted metalation of trimethyl-9-fluorylsilane, m .p. 97.5°-99.5°, 
with butyllithium resulted in cleavage, and only fluorene-9-carboxylic 
acid could be isolated. 
The second portion of the thesis is concerned with the synthesis of 
potential antimalarials of the quinoline series, consisting of some quino-
linemethanols, quinoline sulfides, and 7-chloroquinolines. 
The quinolinemethanols were usually prepared by the reaction 
between 6-methoxy-2-phenylquinoline-4-aldehyde2 and 6-methoxy-2-
phenyl-4-quinolyl methyl ketone3 with the Grignard reagent of the 
appropriate halide. The compounds thus prepared were: a-methyl-a-
phenyl-6-methoxy-2-phenyl-4-quinolinemethanol, m.p. 188°-188.5°; a, 
a-dimethyl-6-methoxy-2-phenyl-4-quinolinemethanol, m .p. 153.5°-155.5°; 
a-methyl-6-methoxy-2-phenyl-4-quinolinemethanol, m.p. 119°-120°; a-
(3-diethy laminopropy 1) -6-methoxy-2-pheny 1-4-quinoline-methanol dihy-
drochloride, m .p. 238°-244°; a- (3-di-n-butylamino-propyl)-6-methoxy-2-
phenyl-4-quinolinemethanol dihydrochloride, m.p. 200°-203°; a-(o-
1 Doctoral thesis number 866, submitted August 12, 1947. 
• Gilman, Marshall, and Robert Benkeser, Jour. Amer. Chem. Soc., 68: 1849 (1941i). 
• Lutz, et al., Jour. Amer. Chem. Soc., 68: 1813 (1946) . 
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12 R. A. BENKESER 
anisyl)-6-methoxy-2-phenyl-4-quinolinemethanol hydrochloride, m.p. 
217°-220°. 
The quinoline sulfides were usually prepared by treating the 
appropriate quinoline halide with sodium methyl mercaptide. When the 
halogen was not in the 2- or 4-position of quinoline it was activated by 
the presence of an adjacent nitro group. Some typical sulfides prepared 
were: 8-(3-diethylaminopropylamino)-6-quinolyl methyl sulfide dihydro-
chloride, m.p. 217°-'220°; 8-nitro-7-quinolyl methyl sulfide, m.p. 157°-159°; 
7-chloro-4-quinolyl methyl sulfide, m.p. 124°-125°. 
The 7-chloroquinolines were prepared by the addition of the appro-
priate RLi4 to the anil linkage of 4, 7-dichloroquinoline followed by a con-
densation with 3-diethylaminopropylamine. Some of the compounds thus 
prepared were: 2-p-methoxyphenyl-4, 7-dichloroquinoline, m.p. 121°-
121.50; 2-p-chlorophenyl-4, 7-dichloroquinoline, m.p. 166°-167°; 2-p-
tolyl-4, 7-dichloroquinoline, m.p. 124°-125°; 2-p-methoxyphenyl-7-chloro-
4-(3-diethylaminopropylamino) quinoline, m.p. 118°-119°; 2-p-chloro-
phenyl-7-chloro-4-(3-diethylaminopropylamino) quinoline, m.p. 127°-
1280; 2-p-tolyl-7-chloro-4-(3-diethylaminopropylamino) quinoline, m.p. 
119.5°-120.5° . 
The thesis also contains a thorough literature review of the organic 
chemistry of silicon from 1927 to 1936 and some theoretical aspects of the 
experimental results are discussed. 
• Gilman and Benkeser, ibid., 69: 123 (1947). 
SOIL MOISTURE TENSION AND MICROBIOLOGICAL ACTIVITY1 
HAR! DAS BHAUMIK 
From the Department of Agronomy, Iowa State College 
Moisture is recognized to play an important role in the biological 
decomposition of complex organic materials in soil. There is a considerable 
lack of agreement among different workers as to the moisture content of 
the soil optimum for biological activity. Moisture contents in soil have 
been expressed in terms of percentage of oven dry soil, as percentage of 
maximum water-holding capacity, and as the thickness of moisture film 
around the soil particles. The present study has been carried out from 
the point of view of energy concept of soil moisture. The moisture content 
has been expressed in terms of the tension with which water is held by 
the soil. · 
Five Iowa soils differing in texture were incubated 'under standard 
conditions at moisture tensions of 3,160, 502, 50, 10, 1, and 0 centimeters 
of water in order to study the effect of soil moisture tension upon micro-
biological activity. 
Moisture retaining capacities of Thurman fine sand, Clarion loam, 
Clarion fine sandy loam, Webster silt loam, and Wabash silty clay were 
determined. Moisture content at any given tension increased progressively 
for these soils in the order named. The carbon/nitrogen ratios of all soils 
were of similar order and suggested that their native organic matter was 
in an advanced stage of decomposition. 
Rate of carbon dioxide evolution following addition of 1 per cent 
ground corn stover, mineralization of organic nitrogen following addition 
of 2 per cent egg albumin, and population changes in the soil microflora 
as revealed culturally were taken as criteria for microbiological activity. 
Carbon dioxide evolved from experimental soil lots was collected 
continuously and was determined after 1, 2, 3, 4, 6, 9, 12, and 15 days. The 
moisture tension at which the maximum cumulative total amount of 
carbon dioxide was evolved during fifteen days differed for the several 
soils. No two soils showed total cumulative maxima at the same moisture 
tension. For all soils, however, the peak daily rate of carbon dioxide 
production was observed at or very near 50 cm. of moisture tension. 
At a given moisture tension, the curves showing the relation between 
daily rates of carbon dioxide evolution and period of incubation were 
similarly shaped for all soils. At higher moisture tension there is a rapid 
increase in the rate of carbon dioxide evolution during the initial stages 
of incubation, and the early maximum is followed by a rapid decrease. 
The nature of the curve suggests a logarithmic ascent followed by a simi-
'Doctoral thesis num_ber 882, submitted December 16, 1947. 
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lar descent, similar in characteristic to the growth curve of micro-organ-
isms. 
The shapes of the curves towards saturation are entirely different 
from those for the drier range. The sharp peak is absent and the curves 
are more or less flat. In most cases there are two peak rates, the first one 
being attained during the earlier stages of incubation (generally within 
two days) and the second one at approximately six to nine days. The 
second peak rate is entirely absent jn the case of drier soils. The first peak 
rate is believed to be due to more specialized aerobic flora and the second 
one due to the development of a new flora, anaerobic or facultative in type. 
In the unamended soils, the rate of biological decomposition of native 
organic matter appeared very slow. There was no linear relationship 
between the organic matter content and the amount of carbon dioxide 
evolved. Thurman sand showed the lowest and Clarion loam the highest 
quantity of carbon dioxide, when the five soils were incubated unamended. 
With added organic matter, Thurman sand showed the highest carbon 
dioxide evolution. These data indicated that the differences in the organic 
matter content of the original soil were of little or no importance in deter-
mining the amounts of carbon dioxide evolved on incubation. 
Alteration of surface/ volume ratio by use of differently shaped incu-
bation containers led to differences in carbon dioxide evolution from wet 
soil. With comparatively dry soil, the surface/ volume ratio appeared less 
important. 
The rate and extent of carbon dioxide evolution from Webster silt 
loam was extremely slow when it was waterlogged to about 5 cm. above 
the soil surface due to a very low rate of diffusion of oxygen and creation 
of practically anaerobic conditions. 
The influence upon carbon dioxide evolution of a radical shift in the 
moisture status of a soil while active decomposition was in progress was 
investigated in parallel experiments upon Thurman sand and Webster 
silt loam. When the soil moisture was changed abruptly from 50 cm. to 
0 cm. of moisture tension, carbon dioxide evolution was reduced to a rate 
below that occurring in soil maintained at a constant water tension of 
0 cm. In the following days of incubation, however, there was a gradual 
increase in the rate of carbon dioxide evolution, and the shape of the 
curves, showing relation between daily rates of carbon dioxide evolution 
and period of incubation, for soil initially at 0 cm. tension and for soil 
abruptly changed to that tension during incubation became roughly 
parallel. 
Mineralization of egg albumin was studied in Thurman fine sand and 
in Wabash silty clay, with determinations of ammonia, and nitrite, and 
nitrate nitrogen being made after 1, 2, and 4 weeks. Differences in the 
rates of mineralization at differing moisture tensions were apparent only 
during the first week or two of incubation; they disappeared as the incu-
bation period was continued to four weeks. Maximum rate of mineraliza-
tion of nitrogen in both soils occurred at 50 cm. of moisture tension. 
There was considerable loss of ammonia from the sandy soil due to 
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volatilization but there was little or no loss from the silty clay soil. 
Mineralization of organic nitrogen was more complete in Thurman sand 
than in Wabash silty clay at the end of four weeks of incubation. 
Microbiological analyses by cultural methods revealed differences in 
the abundance of microbial groups, both at differing tensions of moisture 
within the same soil as well as among the several soils when maintained 
at the same moisture tension. It is believed that differences in microbial 
populations in soils are at least partly responsible for differences in the 
cumulative total amounts of carbon dioxide evolved from the several 
soils. Pure culture studies with bacteria, actinomycetes, and fungi in 
steam-sterilized Webster silt loam showed that the activity of fungi, as 
shown by carbon dioxide evolution, remained fairly constant within the 
range of moisture tensions employed. Carbon dioxide production by 
bacteria and actinomycetes was greatly depressed with increase in mois-
ture tension. Microbial populations, however, were found to be greater 
in the drier soils. 
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aeration and by inorganic nutrients, but no combination of factors was 
found to eliminate entirely the relative differences in decomposition 
rate between large and small quantities of plant residues added to soil. 
It is suggested that the activity of the microbial population which develops 
after the incorporation of crop residues in soil is limited not only by 
the chemical availability of the materials and by the physical factors 
mentioned, but also by the extent of space or surface available for 
development and proliferation of microbial cells. The important point is 
that small amounts of organic material in soil decompose more rapidly 
than larger quantities. These findings suggest that infrequent, large 
applications of organic residues to soil may do more toward building up 
or maintaining the organic matter level than frequent, small applications. 
The effect of partial pressure of oxygen on nitrogen transformations 
and on organic matter decomposition in soil was investigated by means 
of a specially constructed apparatus. Various oxygen percentages were 
obtained by diluting air with nitrogen gas in various proportions. The 
relative proportions of nitrogen and air were regulated by passing each 
gas through calibrated capillary tubes of known flow rate and then into 
a mixing chamber. The resulting mixtures, varying from 0.2 per cent 
to 20 per cent oxygen, were then passed through samples of soil being 
incubated. The apparatus was arranged to permit frequent determination 
of carbon dioxide evolved in the decomposition processes. 
The rate of decomposition of plant residues in soil was found to be 
a function of the partial pressure of oxygen. The higher the oxygen 
percentage in the gas mixture, the more extensive was decomposition of 
the added residues. Nitrogen release from these residues was greatest 
at the lowest oxygen percentage. However, the proportion of nitrate in 
the nitrogen released was greater at the higher oxygen percentages. In 
the 'decomposition of sucrose in soil, the evolution of carbon dioxide was 
not directly related to the oxygen percentage, being most extensive under 
partially anaerobic conditions in the case of a Webster clay. The immobili-
zation of ammonium-nitrogen in the decomposition of sucrose was not 
affected by the oxygen tension. Where plant materials enriched with 
N15 were decomposed at various oxygen percentages, the proportion of 
total nitrogen released (derived from the soil organic matter) was not 
definitely related to the oxygen tension. However, under fully aerobic 
conditions, a greater proportion of the nitrogen released from both the 
soil and the added plant material was in the nitrate form. The nature 
of these findings indicates the need for further investigation of the 
effects of oxygen tension on microbial processes in soil. · 
SEPARATION OF CADMIUM FROM ZINC BY 
CONTROLLED CATHODE POTENTIAL ELECTRODEPOSITION1 
RICHARD J. BROUNS 
From the Department of Chemistry, Iowa State College 
In an effort to circumvent the tedious sulfide separation of cadmium 
from zinc, a thorough study of the electrodeposition of cadmium from 
cyanide solutions under controlled cathode potential conditions was 
made. Three primary standards were used: namely, hydrated cadmium 
sulfate crystals, CdS04 • 8/ 3H20, anhydrous cadmium sulfate, and spec-
troscopically pure cadmium metal. The automatic electrodeposition 
apparatus of Diehl2 was used in the experimental work. The deposits of 
cadmium were smooth and adherent, and the deposition was complete 
at a limiting cathode potential of - 1.3 volt or more against a saturated 
calomel electrode. However, the weight of the deposits was usually high, 
even from samples of cadmium alone, using the official method, ASTM 
Method E-40-45. The results were not consistent enough to allow the use 
of an empirical correction factor. Quantities of cadmium up to 0.8 g. 
were deposited with an accuracy of about 1 per cent. The effects of vary-
ing the limiting cathode potential, initial current density, amount of 
alkali, amount of cadmium, and time of deposition were determined. 
Analysis of the solutions with radioactive cadmium (the 43 day 
Cd115) as a tracer showed that the deposition was complete under the 
conditions finally established. The amount of cadmium found undeposited 
was invariably less than 0.4 mg., and nearly all of this was lost fro"m 
the electrodes in the wash water. Despite this loss, the weight of the 
deposit on the electrode was usually greater than the weight of cadmium 
taken. The cadmium deposits were analyzed for sulfide, sulfate, combined 
nitrogen, and cyanide; these elements were found to be absent in all 
cases. It is believed that the high results for cadmium were caused by 
the presence of cadmium oxide in the deposit. 
The separation of cadmium from zinc was complete at a limiting 
cathode potential of - 1.5 volt against a saturated calomel electrode 
from amounts of zinc as high as 0.5 g. per 200 ml. of solution. For 
amounts of zinc up to 1 g. a limiting cathode potential of -1.3 volt was 
found best. A number of deposits of cadmium obtained from cadmium-
zinc mixtures were analyzed for zinc by using radioactive zinc (250-day 
Zn6G) as a tracer. Using 0.45 g. of zinc in 200 ml. of solution and a limiting 
cathode potential of - 1.5 volt, the amount of zinc in the deposit of cad-
mium was less than 0.3 mg. · 
1 Doctoral thesis number 914, submitted June 7, 1948. 
' Harvey Diehl, Electrochemical Analysis w ith Graded Cathode Potential Control 
(The G. Fr~derick Smith Chemical Co., Columbus, Ohio, 1948) , p . 8. 
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In order to obtain more accurate results for cadmium, the electro-
deposits were dissolved and analyzed gravimetrically. The double 
ammonium phosphate method for cadmium was tested with samples of 
spectroscopically pure cadmium metal. The experimental directions of 
Miller and Page3 were followed, and the precipitate of cadmium ammon-
ium phosphate was ignited to cadmium pyrophosphate. The results 
were good. It was found that the precipitate could also be dried to 
constant weight at 100°-103°C. but the composition of the compound 
was not constant enough for accurate work. A number of electrodeposits 
of cadmium obtained from alkaline cyanide baths were analyzed by the 
double ammonium phosphate method, and they were found to be impure, 
confirming the conclusions of the electrodeposition work. It was found 
that cadmium could be separated from as much as . 1 g. of zinc by 
electrodeposition with controlled cathode potential, and the cadmium 
could then be determined quantitatively by conversion to the pyrophos-
phate with an average deviation of about 0.3 mg. on 0.3-0.5 g. of cadmium. 
The solubility of cadmium ammonium phosphate was determined 
in a number of ammonium phosphate solutions cover'ng a pH range of 
6.6-8. 75, in 60 per cent ethanol, and in water, by using radioactive 
cadmium as a tracer. The minimum solubility occurred at a pH of about 
8.2 in aqueous phosphate solutions having a total ammonium ion con-
centration of 0.152 M. This minimum solubility was 2.4 x 10-6 M. The 
solubility in 60 per cent ethanol and in 1 per cent diammonium hydrogen 
phosphate was found to be 1.64 x 10-6 Mand 3.16 x 10-6 M, respectively. 
These solutions are used to wash cadmium ammonium phosphate in the 
Miller and Page procedure. The solubility of cadmium ammonium phos-
phate in water was found to vary with the carbon dioxide content. 
Carbon dioxide-free water dissolved about 1 x 10-5 moles per liter of the 
compound, but ordinary distilled water dissolved about three times as 
much. A table of data and a graph of solubility versus pH are given in 
the full thesis. 
' E. H. Miller and ft. W. Page, Z. anorg. Chem., 28: 233 (1901). 
PRODUCTION AND SOME REACTIONS 
OF FURFURYL ALCOHOL1 
HORACE D. BROWN 
From the Department of Chemistry, Iowa State College 
A continuous process has been developed for the production of 
furfuryl alcohol in over-all yields of 95 per cent. The procedure involves 
passing the mixed vapors of hydrogen and furfural over a calcium 
stabilized copper chromite catalyst at atmospheric pressure. By keeping 
the reaction temperature below 140°C. other variables such as contact 
time, hydrogen to furfural ratio, and feed rate are rendered less critical. 
Under optimum conditions complete conversion of the furfural is obtained 
by one pass through a catalyst bed of ordinary length. For example, one 
pass through a 35 cm. bed with a contact time of about one second, a 
reaction temperature of 137 ± 2°C., a feed rate of 23 g.jhr., and a hydrogen 
to furfural ratio of 39/ 1 gave after distillation a 91 per cent yield of 
furfuryl alcohol, a 2 per cent yield of 2-methylfuran, and no measurable 
quantity of unreacted furfural. Increasing the reaction temperature, with 
the other variables unchanged, increased the yield of 2-methylfuran. 
The preparation of the chromite catalyst is preferably carried out 
according to the procedure described by Holdren (3), with the decom-
position temperature near 300°C. Glass beads are much more satisfactory 
as a catalyst carrier than activated charcoal. After 68 g. of furfural 
had been hydrogenated for each gram of catalyst used, complete con-
version of the furfural was still obtained with a reaction temperature of 
140°C. 
Analysis of the reaction products was performed in the following 
manner. 2-Methylfuran was first separated by distillation of the wet 
product through a Claisen head. Furfuryl alcohol plus any unchanged 
furfural (if present) was then distilled through a Vigreux column in a 
nitrogen atmosphere at reduced pressure. The furfural in this fraction 
was determined from a refractive index measurement or a bisulfite-iodine 
titration. 
~-Furfuryloxypropionitrile was hydrogenated at high pressure in the 
presence of Raney nickel and ammonia to give 80 per cent yields of 
y-furfuryloxy-n-propylamine (b.p.3 83°-84°C., N200 1.4845; the phenyl-
thiourea derivative of the amine melted at 72.5°-73.5°C.). Similarly, 
~-tetrahydrofurfuryloxypropionitrile gave on reduction an 89 per cent 
yield of y-tetrahydrofurfuryloxy-n-propylamine, b.p.0 _5 71°-72°C., N200 
1.4609 (5) . Reacti~n of the amines with various organic acids gave two 
series of salts which, like the amines, were very soluble in water and 
most polar solvents. 
'Doctoral thesis number 867, submitted August 16, 1947. 
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Neither acidic nor basic hydrolysis of the ~-furfuryloxypropionitrile 
gave the expected alkoxypropionic acid. Acid hydrolysis of ~-tetrahydro­
furfuryloxypropionitrile gave 42-53 per cent yields of an acidic material 
presumed to be ~-tetrahydrofurfuryloxypropionic acid, b.p.1 or less 135°-
135.50C. , N 200 1.4614, d201 1.154, N. E. 180. The crude p-bromophenacyles-
ter, m. p. 36°-40°C., could not be readily purified by standard procedures. 
Polymerization of y-furfuryloxy-n-propylamine hydrochloride 
(formed in a cold dilute solution) in the presence of formaldehyde gave 
a gel. Subsequent treatment with excess alkali produced an oil or a 
spongy solid depending on the degree of polymerization. Hydrogenation 
of the oil in the presence of Raney nickel gave a clear viscous liquid 
which may have potential value as a plasticizer. The saturated polymer 
was soluble in water and reacted with concentrated hydrochloric acid 
without darkening. 
Light amber colored polymers were prepared from 2-methylfuran by 
the addition of catalytic quantities of the following materials (at or 
below room temperature): SnC14 , A1Cl3 , FeC13 , BF3 and ZnCl2. Chloral 
and iodine gave darker polymers. Condensation of the zinc chloride 
polymer with formaldehyde gave an insoluble infusible resin. 
Attempted alkylation of 2-methylfuran by standard Friedel-Crafts 
procedur es gave only resins. Acylation of 2-methylfuran was less success-
ful than similar reactions with furan and 2,5-dimethylfuran. Whereas 
yields of 2-furyl methyl ketone in excess of 50 per cent were obtained 
by a previously described procedure (2) , similar reactions with 2-methyl-
furan gave only about 10 per cent of the expected 5-methyl-2-furyl 
methyl ketone (semicarbazone, m.p. 185°-186°C.). 2,5-Dimethylfuran, 
acetyl chloride, and a stannic chloride catalyst gave a 61 per cent yield 
of 2,5-dimethyl-3-furyl methyl ketone (oxime, m .p . 76°-77°C.) . 
In the mercuration of 2-methylfuran, the substitution of mercuric 
acetate for the mercuric chloride previously used (1) gave a resin. 
Treatment of 5-methyl-2-chloromercurifuran with sodium thiosulfate 
gave a 68 per cent yield of 5,5'-dimethyl-2,2'-difuryl mercury, m . p. 101°-
1030C. Reaction of 5-methyl-2-chloromercurifuran with acetyl chloride 
gave a 24 per cent yield of 5-methyl-2-furyl methyl ketone semicar-
b ozone, m . p. 186°C. 
Levulinic acid, purified by distillation at reduced pressure, was 
hydrogenated at 200°C. (500 p.s.i.) in the presence of 2 to 3 per cent by 
weight of Raney nickel to give a 97 per cent yield of 2-valerolactone.2 
With an initial hydrogen pressure of 1590 p .s.i. and a maximum 
reaction temperature of 272°C., purified levulinic acid was hydrogenated 
in the presence of a Cu-Ca-Cr catalyst. A 62 per cent yield of 2-valero-
lactone and 21 per cent 1,4-pentanediol was obtained. 
~-Angelicalactone was prepared in maximum yields of 50 per cent 
by the catalytic dehydration of levulinic acid. Reduction over a chromite 
catalyst gave 60 per cent 2-valerolactone and 11 per cent 1,4-pentanediol. 
• During the course of regular patent proceedings it was learned that a prior 
application embodying essentially the same process had been filed. The patent re-
ferred to was granted early in 1945 (see reference 4). 
22 H. D. BROWN 
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EFFECT OF FREEZING ON TENDERNESS AND ON ICE CRYSTAL 
FORMATION IN POULTRY AFTER VARIOUS PERIODS OF AGING1 
MARY AGNES FRANCES CARLIN 
From the Department of Foods and Nutrition, Iowa State College 
A study was made of the histological and palatability changes in 
roasters and fowl which occurred during freezing at 0°F. (- 17.8°C.) 
and at - 30°F. (-34.4°C.). The chickens were killed, eviscerated warm 
and aged thirty minutes, 1, 2, 6, or 24 hours prior to freezing or cooking. 
After aging, the birds were cut in half. In one part of the experiment both 
sides of the roaster were frozen, one at 0°F., the other at - 30°F. Two 
replications were made at each aging period. In the other part of the 
experiment one half of the carcass was used as a fresh control and the 
other half was frozen. Four replications were made at 0°F. or -30°F. 
for each of the five aging periods. 
The halves of chicken to be frozen were put into pliofilm bags and 
placed on a metal shelf in a 0°F. or a -30°F. room, where they were 
left for twenty-four hours. A constantan-copper thermocouple placed 
in the thigh of the bird was connected to a Leeds and Northrup Micromax 
which recorded the temperature every six minutes. Freezing curves 
were drawn from t,he data recorded by the Micromax. Samples of the 
raw fresh halves, cooked fresh halves, raw frozen and cooked frozen 
halves of birds were prepared for microscopic examination. 
An average of approximately 3 hours, 24 minutes was required for 
all halves of chickens frozen at - 30°F . to cool from 28°F. to 0°F., 
whereas halves frozen at 0°F . required 8 hours, 40 minutes. Thus the 
freezing rate at 0°F. was approximately one half that at - 30°F. The fowl 
frozen at 0°F. and - 30°F. usually took less time to freeze than the 
roasters. This might be explained partly by the fact that the fowl weighed 
less than the roasters. Length of aging the bird before freezing affected 
the freezing rate; those aged shorter periods of time required longer to 
freeze. 
Total cooking losses at each aging period varied as much for frozen 
halves of birds as for fresh control halves. Losses in weight during cook-
ing showed a linear relationship with total cooking time, except for the 
halves frozen at 0°F. . 
In general, the flavor and aroma scores showed little variation 
between treatments. The juiciness scores of fresh control halves aged 
twenty-four hours were two points lower than those for halves of birds 
aged thirty minutes; however, the decrease was not linear with aging. 
Halves of birds frozen at 0°F. showed a definite decrease in juiciness 
with aging, whereas freezing at - 30°F. had little effect on the juiciness 
1 Doctoral thesis number 865, submitted August 5, 1947. 
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scores. Pectoralis secundus muscles were rated less juicy than the 
pectoralis major; however, the variation with aging was surprisingly 
similar. 
In general, the tenderness of the fresh control halves of birds 
increased as aging progressed. An average tenderness score of 9.3 was 
reached for the pectoralis major muscle of fresh control halves of 
roasters and of 8.1 for fresh control halves of fowl in twenty-four hours 
of aging. The pectoralis secundus muscle of fresh control halves was rated 
more tender than the pectoralis major. 
The tenderness curves for halves of birds frozen at 0°F . and - 30°F. 
were quite different from those of the fresh controls. Freezing at the 
two temperatures, followed by thawing and cooking, definitely increased 
the tenderness of all frozen halves of birds except those aged 24 hours. 
Aging six hours or longer increases the tenderness to so great an extent 
that freezing after such aging periods can have little effect on tenderness. 
No differences in tenderness of poultry, owing to the freezing tempera-
ture, were noted. 
Histological studies of the fresh control and frozen muscle fibers 
showed that the frozen muscle fibers were better differentiated and the 
cross striae more evident. The amount of disintegration varied greatly 
from bird to bird, but was obviously more extensive in fibers of birds 
frozen after short periods of aging than in fibers of the fresh control paired 
halves. In general, birds in which the muscle fibers have rather prominent 
cross striae, fewer waves and kinks, and considerable disintegration are 
rated higher in tenderness. 
Vacuoles were the small cavities in fibers, assumed to be an indi-
cation of intra-fibrillar freezing, ice crystals having formerly occupied 
the spaces. They were found most frequently in coqked muscle fibers of 
birds aged thirty minutes, one or two hours before freezing. This evidence 
of intra-fibrillar freezing varied from bird to bird and was usually found 
in the straight part of the fiber. The length, width, and shape of the 
vacuoles varied. In cooked fibers the vacuoles were filled with a granular 
substance. Indentations, the small depressions in the sides of muscle 
fibers presumed to result from pressure of ice crystals between fibers, 
were found more frequently in fibers of birds frozen at 0°F. 
From the evidence obtained in this study, it appears that freezing 
poultry muscle at - 30°F. and 0°F. results in some intra-fibrillar freezing 
and some inter-fibrillar freezing. The size and location of ice crystals are 
determined by the rate of freezing, the extent of aging, and the histo-
logical structure of muscle tissues at the time of freezing. 
DIHYDROXYPHENYLALANINE METABOLISM 
BY KIDNEY TISSUE1 
RoBERT EDWARD CLEGG 
From the Department of Chemistry, Iowa State College 
The metabolism of the amino acids, tyrosine and dihydroxyphenyl-
alanine, by normal and scorbutic guinea pigs has attracted considerable 
attention during the past decade because of the observed dependence of 
the metabolism of these amino acids on the adequacy of vitamin C 
nutrition of the animal. This phenomenon has also been observed in 
vitro, for vitamin C is definitely related to the oxygen consumption of 
surviving liver and kidney slices of the guinea pig in the presence of 
tyrosine and dihydroxyphenylalanine, respectively. However, in order 
to successfully analyze a series of metabolic events, the systems respon-
sible for the various steps must be separated one from the other. Since 
this cannot be accomplished by the use of the intact animal or tissue 
slices, tissue extracts have been employed to investigate the enzyme 
systems responsible for the metabolic- series of events in the metabolism 
of dihydroxyphenylalanine by guinea-pig kidney tissue. 
. In spite of the previous observations that vitamin C was related to 
the metabolism of dihydroxyphenylalanine in the intact animal and in 
surviving kidney slices, the ability of kidney extracts, prepared from 
the kidney of scorbutic guinea pigs, to metabolize the amino acid was 
essentially the same as the activity of normal kidney extracts. The 
addition of crystalline ascorbic acid resulted in no additional activity. 
The activity of the normal kidney extracts in the presence of 
dihydroxyphenylalanine and hydroxytyramine showed that the amino 
acid was decarboxylated by dihydroxyphenylalanine decarboxylase, and 
then amine oxidation of the hydroxytyramine by the enzyme, amine 
oxidase, occurred. Furthermore, the catechol nucleus of the amino acid 
disappeared during the incubation. The balanced experiments, in which 
the oxygen consumption, carbon dioxide evolution, and ammonia forma-
tion were correlated, demonstrated the failure of the oxygen consumed 
to account for the disappearance of the catechol nucleus of the amino 
acid during the incubation period. The hydrogen peroxide, formed as the 
result of amine oxidation, failed to account for the disappearance of the 
catechol portion of the amino acid. In addition, the stability of the dihy-
droxyphenyl group of the amino acid was observed in the presence of 
the hydrogen peroxide formed by the action of a d-amino acid oxidase 
preparation on d-methionine. 
However, inhibition studies, with dihydroxyphenylalanine and 
hydroxytyramine as substrates, demonstrated the ability of cyanide and 
1 Doctoral thesis number 898, submitted June 4, 1948. 
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semicarbazide to inhibit the disappearance of the catechol nucleus even 
when the amine oxidation was proceeding at a nearly normal rate. 
Although cyanide inhibition of the dihydroxyphenylalanine decarboxylase 
was shown to be reversible, reversible cyanide inhibition of the diphenolic 
disappearance was not observed. Information obtained by the use of other 
known enzyme inhibitors was not as informative. 
In addition to the disappearance of the catechol group of the amino 
acid, as evidenced by the reduction of the diphenolic value during the 
incubation period, the destruction or modification of the 3,4-dihydroxy-
phenyl group of the amino acid was manifested by the change in the 
character of the ultraviolet absorption spectrum of the deproteinized 
extracts. The maximum of approximately 280 millimicrons, characteristic 
of the catechol nucleus, was eliminated, and a new maximum at approx-
imately 255-260 millimicrons was observed. The substance exhibiting the 
maximum at 255-260 millimicrons was soluble in butyl alcohol. The 
absorption maximum in the butyl alcohol and in a water solution after 
removal of the butyl alcohol was essentially the same as that observed in 
the deproteinized extracts. 
An examination of the ability of other tissues to metabolize the 
amino acid demonstrated that the activity of dihydroxyphenylalanine in 
guinea-pig liver extracts was much lower than in kidney extracts. 
However, by employing hydroxytyramine as the substrate, the activity 
of the amine oxidase in the liver extracts was shown to be comparable 
to that of the kidney extracts. On the other hand, rat kidney extracts, 
although exhibiting the ability to consume oxygen in the presence of 
the amino acid and the ability to cause the disappearance of the dihydroxy-
phenyl groups, gave neither the same oxygen-to-substrate ratio nor the 
same pH-activity relationship observed in the case of the guinea-pig 
kidney extracts. 
Dialysis did not reduce the activity of the guinea-pig kidney extracts 
and ammonium sulfate fractionation, followed by isoelectric separation, 
did not result in a stable and active enzyme preparation. In fact, a con-
siderable loss of activity was experienced when the above mentioned 
fractionation methods were employed. 
Inasmuch as conjugation of phenol and catechol type compounds 
is a well-known detoxification mechanism, the possibility of a conjugation 
reaction being responsible for the diphenolic disappearance was investi-
gated. The method usually used to demonstrate catechol conjugates-
acid hydrolysis-failed to reveal the presence of such a compound. 
However, the observation of the disappearance of the catechol 
nucleus of the amino acid in a manner other than oxidation and the 
evidence of a substance in the deproteinized filtrates with a spectrum 
decidedly different from that exhibited by catechol and dihydroxyphenyl-
alanine strongly suggest the existence of another enzyme system which 
operates in the metabolism of dihydroxyphenylalanine by guinea-pig 
kidney extracts. 
RADIO-FREQUENCY RADIATION FROM ELECTRIC 
DISCHARGES IN GASES1 
WILLIS LAUllENS EMERY 
From the Department of Electrical Engineering, Iowa State College 
Considerable work has been done in recent years on the radio-
frequency oscillations arising from electric discharges in gases. Analyses 
of oscillations in mercury vapor, inert gases, and air have been reported. 
For the most part, these investigations have been concerned with gases 
at relatively low pressures. However, the work on air is an exception 
which is closely allied to the practical interference problem involving 
corona discharges from pointed conductors. The present work was 
undertaken to study the effect of some of the individual constituents 
of air on the radiation produced by such discharges. Radio-frequency 
spectrograms were made for negative point-to-plane corona discharges 
in pure hydrogen and pure oxygen. Both the hydrogen and oxygen were 
prepared by electrolysis and then purified by exposing them to a red-hot 
platinum filament. 
Radiation measurements were made inside a round wave guide 
of smaller than critical diameter. The discharge tube was mounted at 
one end of the wave guide and a pick-up probe was mounted at the 
other end. The probe was made of a 0.1 megohm resistor in parallel 
with a condenser consisting of a pair of square plates three centimeters 
on edge and spaced one centimeter apart. The combination was connected 
across the input of an impedance-matching stage which transferred the 
energy to the antenna terminals of a communication receiver. A signal 
derived from the automatic-volume-control voltage of the receiver was 
used to drive a recording element. 
In general, no radiation was obtained from the corona discharge in 
hydrogen at pressures ranging from 155 to 745 mm. of mercury. There 
was just one exception. Some pick-up was obtained on the two lowest 
frequency bands when the pressure was 155 mm. of mercury. A spec-
trogram made of the radiation in the 0.55 to 1.5 megacycle band showed 
a continuous output of uniform intensity throughout the range. Before 
a recording could be made of the 1.4 to 3.0 megacycle band, however, 
the radiation had completely disappeared. Evidently the element respon-
sible for the output had been removed in some manner by continued 
exposure to the discharge. 
Just prior to the above observatio~, a run had been made at a 
pressure of 145 mm. of mercury. At this pressure a moderately slow 
relaxation oscillation was set up. The condenser of the power supply 
periodically discharged through the tube with a high current. During 
1 Doctoral thesis number 871, submitted August 25, 1947. 
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the discharge period, the tip of the cathode was covered with an exten-
sive glow. Apparently this operation temporarily modified the cathode 
in such a way as to make generation of radio frequencies possible when 
the pressure was raised for the next observation. 
Since corona discharge in hydrogen converts it to a very active form 
which readily reduces oxides, there can be little doubt that the tungsten 
cathode had a clean metallic surface in the vicinity where the corona 
was formed. Temporary exposure to the extensive glow discharge may 
have started reduction of the oxide further down on the shank of the 
electrode through fissures near the end. Increasing the pressure slightly 
would narrow the area over which the discharge originated but still 
keep it large enough to include some of the newly opened fissures. As the 
discharge progressed, more and more of the oxide surrounding the fissure 
would be reduced until a relatively large bare metallic surface was 
produced. The transitory presence of such fissures could have been 
responsible for the oscillations which were observed. 
In contrast with hydrogen, radio-frequency output was observed on 
all runs with oxygen except those at very low pressures (8 mm. of 
mercury) . A continuous spectrum was produced for pressures near 
atmospheric. The intensity of the oscillations was a direct function of 
the applied voltage. Some observations were made at frequencies as 
high as 30 megacycles, but the intensity at the higher frequencies was 
so greatly reduced that most of the subsequent observations were 
limited to the range 0.55 to 3.()' megacycles. In this range, it was found 
that the continuous band of frequencies which was characteristic of 
atmospheric pressure broke up into narrow bands and finally into single 
frequency signals as the pressure was reduced. Successive spectrograms 
taken under identical conditions indicated that some of these signals 
gradually increased in frequency, while others decreased in frequency, 
and still others oscillated about a fixed region. The frequency shift was 
in a purely random manner. All types occurred in a single set of record-
ings. Of course, there was no positive assurance that each apparent 
trend actually was a gradual transition of the same signal because there 
was an appreciable time lag between successive recordings. It is entirely 
possible that separate disturbances arose and then disappeared, but 
probably both effects were contributing factors. 
With oxygen in the tube, it is practically certain that there was 
never very much surface on the cathode which was not covered with 
oxide. The oxide coating had to be continually broken down to allow 
passage of the arc current. In a short time, the fissures developed would 
tend to be sealed by the oxidation process. 
A tentative explanation of the oscillation process can be made on 
the basis that such fissures are primarily responsible. An oscillating gas 
tube has been described by Kleinwachter2 in which the oscillations are 
produced by strongly constricting the arc through a small orifice. A 
high voltage gradient exists through the area of arc constriction, and it 
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together with the high current density leads to intense ionization. Since 
the positive ions which are formed there are swept out of the area with a 
greater velocity than the average thermal velocity of the gas molecules, 
an evacuated region soon develops. Consequently, the arc is extinguished. 
As the gas pressure again rises in the constricted area due to diffusion of 
neutral molecules from the outside, conditions become favorable for the 
initiation of a new arc and the process is repeated. A similar interruption 
of the portion of current flowing through a particular fissure could occur 
due to an evacuation at the mouth. The accumulation of positive ions 
at the base of the fissure would also assist in choking off the current 
and preparing for the next ignition of the arc through that area. 
The tendency for the frequency of a particular signal to either 
increase or decrease with time could be explained on the basis that the 
fissure involved is either being closed by further oxidation or being 
opened by breakdown of the oxide. Other theories do not allow erratic 
performance of this sort. The fact that very few of the oscillations occur-
ring at a given time bear harmonic relationships indicates that they have 
separate origins. The more erratic character of the oscillations at the 
higher pressures could be due to the fact that more gas molecules are 
present; hence, the building up and tearing down processes would take 
place at a more rapid rate. The continuous band observed at atmospheric 
pressure could easily arise from rapid shifts of the generated frequencies. 
The proposed theory is substantiated by the observation that the 
cathode was always cleaned of oxide near the tip after a series of dis-
charges in hydrogen and was always covered with oxide after a series 
of discharges in oxygen. Nevertheless, the theory must be regarded 
as tentative because some important points could not be checked with 
the present apparatus. Foremost among these points is the question of 
just how the frequency shift takes place from one moment to the next. 
A broad-band panoramic receiver would be required for such an obser-
vation. A receiver of this sort would also assist in checking another 
important point. The pressure could be shifted slightly while under 
observation to see if an instantaneous frequency shift were made U:i the 
proper direction. Finally, inert gases should be studied with both clean 
and oxide-covered electrodes to see if there is a difference in the radiation 
produced. 
LIFE HISTORY AND ECOLOGY OF THE CANVAS-BACK, 
NY ROCA V ALISINERIA (WILSON) , IN SOUTH-
EASTERN OREGON1 
RAY CHARLES ERICKSON 
From the Department of Zoology and Entomology, Iowa State College 
The recent trend of wildlife studies has been away from field research 
on broad groups or ecological communities of plants and animals toward · 
intensive investigations of single species and the coactions of these species 
with their environments. This research into the life history and ecology 
of the canvas-back, Nyroca valisineria (Wilson), in southeastern Oregon 
(mainly on the Malheur National Wildlife Refuge in Harney County) 
duririg 1942, 1946, and 1947 has followed the latter trend. Information 
obtained in this manner may form the basis for management practices 
to be employed in maintaining or increasing the numbers of desirable 
species. 
Canvas-backs usually appeared on the research area early in March 
and were most abundant between March 15 and April 20. The last 
spring migrants passed through by May 10. Approximately 18,000, 
16,000, and 15,500 canvas-backs passed through the refuge during 1942, 
1946, and 1947, respectively. Most of the earliest migrants were single 
males. About 68 per cent of the canvas-backs were paired during the 
height of migration. Average male/ female ratios for the three years were 
1.47/ 1, 1.52/ 1, and 1.63/ 1, based on counts of 7,162 migrants. Of the 
canvas-backs migrating into and through the area in spring 564 or 3.1 
per cent in 1942, 308 or 1.9 per cent in 1946, and 236 or 1.5 per cent in 
194 7 remained during the breeding season. 
The average flight speed of canvas-backs was about 46 miles per 
hour. Distribution of migrant canvas-backs on the larger lakes appeared 
governed chiefly by water depths, cover-water interspersion, and species 
and availability of submerged plants. ·warm weather in the spring was 
correlated with an accelerated migration from the refuge. Departures 
were delayed during cold weather. Courtship and mating of the canvas-
back were discussed. 
Nesting seasons for each year, based on field observations, were 
from April 10 to August 5, 1942, or 118 days; March 22 to July 31, 1946, 
or 132 days; and April 20 to July 14, 1947, or 86 days. The drake took 
no part in selection of the nest site, nest construction, incubation, or 
brood-rearing. The drake defended the mate, not a "territory," against 
intraspecific intrusion on the waiting site or "loafing" area. 
The most important condition determining the use of habitat in 
nesting was cover-water interspersion. In contrast with the migration 
1 Doctoral thesis number 892, submitted March 16, 1948. 
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habitat the nesting areas contained a larger proportion of emergent 
vegetation to open water. Most canvas-back p.ests (83.8 per cent) were 
found in vegetation containing hardstem bulrush. Utilization of vege-
tation in nest construction was determined largely by the pliability of 
the plant materials. The distance from nests to flushing areas varied from 
0 to 75 feet and averaged 11.7 feet. Details of nest construction and 
descriptions of the plant cover were discussed. 
The average number of eggs laid by canvas-back females in inter-
preted ini~ial nesting attempts was 9.9 for the three years. In 74 observed 
canvas-back nests 482 canvas-back eggs, 497 redhead (Nyroca americana) 
eggs, nine ruddy duck (Erismatura jamaicensis rubida) eggs, one Ameri-
can pintail (Dafila acuta tzitzihoa) egg, and one American coot (Fulica 
a. americana) egg were deposited. This gave an average of 18.2" eggs for 
each nest in 1942, 9.9 in 1946, and 10.0 in 1947. Fifty-nine (80 per cent) 
of the observed canvas-back nests contained foreign eggs. Female canvas-
backs rarely parasitized other nests on the research area. 
The percentage of nest success was inversely proportional to the 
percentage of females renesting and the promiscuous egg-laying of other 
species of waterfowl in canvas-back nests. The percentage of canvas-back 
females successful in nesting, taking renesting into consideration, was 
estimated to have been 27.6 in 1942, 76.5 in 1946, and 70.0 in 1947. About 
57 per cent of the observed canvas-back nests were unsuccessful. About 
four-fifths of the unsuccessful nests were abandoned and one-fifth was 
destroyed. Four-fifths of the abandoned nests were believed deserted 
because of nest parasitism. American ravens (Corvus corax sinuatus) 
accounted for all but one of the destroyed nests. 
Of all eggs deposited in observed canvas-back nests the percentage 
hatching was 6.7 in 1942, 59.8 in 1946, and 42.2 in 1947. Eggs lost over 
the side of the nest was the most important factor reducing the number 
of canvas-back eggs remaining to hatch in parasitized nests. Of an 
average of 7.3 canvas-back ducklings hatched in parasitized nests, six 
were canvas-backs and two were of the intruding species. The ratio of 
canvas-back/ redhead ducklings hatched in canvas-back nests was 1.44/ 1 
in 1942, 4.35/ 1 in 1946, and 6.46/ 1 in 1947. 
Various hypotheses on conditions which stimulated the parasitic 
habit among birds, and with ducks particularly, were discussed. Dis-
cordance in successive events of the breeding cycle of the intruding 
species, apparently as a reaction to external stimuli of weather and 
habitat conditions, seemed mainly responsible for the incidence of 
sustained nest parasitism in 1942. Promiscuous egg-laying was most 
closely correlated with fluctuating water levels. Variations in breeding 
densities of host and intruding species, advancement of the nesting 
season, species of plant nesting cover, and period in the nest history 
did not seem to be factors which governed the incidence or extent of 
parasitic ovipositing. Canvas-back nests were more heavily parasitized 
than redhead nests in 1942. The fertility of both host and intruder eggs 
was similar. The intruding female did not (1) assist in the construction 
or maintenance of the host's nest, (2) remove down feathers from its body 
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£or lining the nest bowl, (3) turn the eggs, (4) form the clutch into a 
concave, body-fitting layer (5) cover the eggs prior to leaving the nest, 
nor (6) incubate. Nest parasitism was detrimental to the intruding 
.species through the low success of intruded eggs even during high nesting 
success of the host nests. 
Canvas-back juveniles began to fly shortly after the tenth week. 
Observed duckling mortality was negligible. The annual reproductive 
increment of canvas-backs on the refuge was 196 in 1942, 494 in 1946, 
and 347 in 1947. The adult/ surviving juvenile ratio for canvas-backs 
on the Malheur Refuge was 1/ 0.56 in 1942, 1/ 1.97 in 1946, and 1/ 1. 70 
in 1947. 
Dise?ses and parasites, postbreeding habits of juveniles and adults, 
food habits, and fall migration of the canvas-back were discussed. 
Management of the canvas-back was consistent with over-all wild-
life management on the refuge. Cropping, haying, grazing, water level 
manipulation, and muskrat management were useful tools in improving 
habitat for waterfowl utilization. Stabilized water levels during the 
nesting season were vital to suitable nesting habitat and increased 
nesting success of the canvas-back and certain other waterfowl. Predator 
control on the refuge should continue to be primarily concerned with 
suppression of the numbers of ravens and coyotes (Canis la.trans lestes). 
' 
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INHERITANCE OF PROTEIN, ZEIN, TRYPTOPHAN, VALINE, 
LEUCINE, AND ISOLEUCINE IN TWO MAIZE HYBRIDS1 
KENNETH JORN FREY 
From the Department of Agronomy, Iowa State College 
INTERRELATIONSHIPS OF PROTEIN, ZEIN, TRYPTOPHAN, VALINE, 
LEUCINE, AND ISOLEUCINE 
A review of the literature indicates that corn protein is nutritionally 
inadequate. This inadequacy results from zein, the alcohol soluble 
endosperm protein, being devoid of lysine and tryptophan, two of the 
indispensable amino acids. Zein comprises about 50 per cent of the 
endosperm protein and is linearly related to total protein. Since about 
85 per cent of the annual corn crop is fed to livestock on the farm where 
it is grown, there is considerable interest in any attempt to improve the 
protein quality of corn. One approach to improvement is controlled 
selection and breeding of corn for increased lysine and tryptophan con-
tent. This requires the assaying of a great number of samples, and there-
fore has not been feasible until the advent of rapid assay procedures in 
the past decade. 
In anticipation of a large scale program to improve corn protein 
quality, two maize crosses were studied to obtain information about the 
interrelationships of certain amino acids and protein, and the inheritance 
of protein and some of its components. Individual ear samples of Illinois 
high and Illinois low protein corns and of the F 1, F 2 , and backcross 
generations of a cross between the two were analyzed for protein, zein, 
tryptophan, valine, leucine, and isoleucine. Also, protein, zein, and 
tryptophan analyses were made on similar material for the cross Hy 
x 1198. The parents and F 1's conta~ned about 15 to 20 samples, and the 
F 2's and backcrosses about 80 to 100. 
The correlation coefficients among protein, zein, valine, leucine, and 
isoleucine ranged from + 0.56 to +0.97, with the modal class from 
+ 0.80 to +0.90. After correction for common elements all of these 
correlations were highly significant. This indicates close relationships 
among these variables. Correlations of tryptophan with any of the 
other variables ranged from + 0.14 to +0.57, which indicates only a 
slight relationship. However, all of the correlations were positive, which 
means that all of the components studied increased simultaneously. 
Exponential regressions were calculated for the equation Y = aXb, 
where Y is the expected value of the dependent variable, a is a constant, 
X is the independent variable, and b is the exponential regression of 
Yon X. When b is unity, the dependent and independent variables increase 
'Doctoral thesis number 887, submitted March 11, 1948. 
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at the same relative rates, and when b is greater or less than unity, the 
dependent variable increases at a greater or lesser relative rate, respec-
tively, than the independent variable. The exponential regressions of 
zein on protein were all significantly greater than unity. This means that 
zein becomes a greater proportion of the eorn protein as protein per-
centage increases. Thus, selection for high protein corn will be accom-
panied by a decrease in the quality of the protein. Further evidence of 
this relationship is the fact that tryptophan increases at a much slower 
rate than protein. The exponential regressions of tryptophan on protein 
were all significantly less than unity. Valine, leucine, and isoleucine 
increased at approximately the same rates as protein percentage. 
Total protein and non-zein protein werE: contrasted as criteria of 
tryptophan content by the use of exponential regressions. It seems logical 
that the variable which has a rate of increase most like that of tryptophan 
will be the better criterion of tryptophan content. In each of the six 
cases studied the exponential regression of tryptophan on non-zein pro-
tein was larger than that of tryptophan on total protein, indicating that 
non-zein protein was the better criterion of the two. 
Correlations between protein percentage and weight of grain per 
plant ranged from -0.03 to -0.48. This corroborates previous evidence 
thaJ; an inverse relationship exists between protein percentage and 
yield in corn. This imposes a limit on the improvement which can be 
made when selections are based on total protein. High protein strains 
will tend to be lower in yield, and the production of protein and trypto-
phan per acre may not be increased materially. 
In summarization, it appears that a program to improve the feeding 
quality of corn should emphasize selection for high-yielding medium 
protein corn in which there is a favorable zein-protein balance. This 
should increase the lysine r.nd tryptophan produced per acre. 
INHERITANCE OF PROTEIN AND CERTAIN OF ITS COMPONENTS 
For protein, tryptophan, valine, and isoleucine percentages in the 
high x low protein cross, the F1 means were equal to, or slightly below, 
the low parent means. The Bc2 means of these variables were not signifi-
cantly different from the F, or low parent means. The F 1 and Bc2 mean 
leucine percentages were higher than the low parent mean. In the Hy x 
!198 cross, "the F 1 and Bc2 means of protein and zein percentages were 
very close to the low protein parent means, while the F 1 mean tryptophan 
percentage was midway between the two parents. From these data it 
seems safe to conclude that there is complete dominance of low protein, 
zein, valine, and isoleucine percentages. Low leucine percentage is 
partially dominant. Low tryptophan percentage is completely dominant 
in the high by low protein cross, but not in the Hy x !198 cross. Dominance 
of low protein percentage may be a serious handicap in the production 
of high protein double crosses. The production of a high protein double 
cross would require four high protein inbreds which would eliminate 
most of the existing lines. The same holds for protein components. 
Smith and Charles have given formulae for the calculation of 
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expected F 2 and backcross means upon the assumptions of arithmetic 
and geometric gene interaction. The data in the Illinois high x Illinois low 
protein cross conformed very well to the means calculated upon the 
assumption of arithmetic gene interaction. The exceptions were trypto-
phan and isoleucine in the Bc2 and leucine in the Bc1 . 
The Castle-Wright formula for calculating minimum gene number 
was used on the data of the Illinois high-low protein cross, and the esti-
mated gene numbers were as follows: 
CHARACTER MINIMUM GENE NUMBER 
Protein percentage . .. . . . . . . .. . ..... . ..... 22 
Zein percentage . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Tryptophan percentage . . . . . . . . . . . . . . . . . . 15 
"Valine percentage .. . ..... . . . .. . ....... . .. 8 
Leucine percentage . . . . . . . . . . . . . . . . . . . . . . 8 
lsoleucine percentage . . . . . . . . . . . . . . . . . . . . 6 
These numbers are rather small compared to previous estimates of gene 
numbers determining quantitative characters. Another indication that 
a small number of genes may be involved in each case is the fact that 
the parental means are recovered, or almost recovered, in an F 2 of 102 
individuals. 
HISTOLOGICAL, PHYSICAL, AND ORGANOLEPTIC CHANGES 
IN THREE GRADES OF BEEF DURINy AGING1 
DOROTHY LUCILE HARRISON 
From the Department of Foods and Nutrition, Iowa State College 
The histological , physical, and organoleptic changes during varying 
storage periods at 34°-36° F. of four beef muscles from the carcasses 
of four animals were studied. In addition, the effect of moist heat on 
collagenous and elastic connective tissues was observed. Animals 1 and 
2 were yearling steers, carcass grades, good; animal 3 was a steer, 
carcass grade, commercial; and animal 4 was an eight-year old dairy 
cow, carcass grade, cutter. The paired psoas major, longissimus dorsi, 
semitendinosus, and biceps femoris muscles were utilized. Twenty-four 
hours after slaughtering each animal, the muscles were dissected from 
the carcass, most of the visible fat removed, and divided into roasts. 
Each longissimus dorsi was divided between the twelfth and thirteenth 
rib into the rib portion and the loin portion, and each portion was cut 
into three roasts. All other muscles were cut into three roasts each. The 
roasts were placed unwrapped on enamel trays and stored in the meat 
cooler. The aging periods (1, 2, 5, 10, 20, and 30 days) of the roasts were 
assigned at random. To study the effect of moist heat on the connective 
tissues, strips of tendons and ligaments were heated in distilled water. 
For cooking, the roasts were placed on a rack in a kettle deep 
enough to cover them with bland lard which was held at a temperature 
of 96°-98°C. They were cooked to an internal temperature of 70°C. 
Data were recorded before and after cooking the roasts to determine: 
(1) the percentage loss in weight during aging and cooking, (2) the per-
centage decrease in length and width and the percentage increase in 
thickness of the roasts during cooking, (3) shear force of the cooked 
roasts, (4) percentage of press fluid of the cooked roasts, (5) pH 
measurements of the cooked and uncooked roasts, and (6) palatability 
scores for aroma, flavor, tenderness, and juiciness of the cooked roasts. 
Histological sections were made from samples of the uncooked and 
cooked roasts to determine the microscopic changes during the storage 
of beef and the proportion of connective tissue in the muscles studied. 
Arbitrary numerical evaluations were used to compare the relative 
proportion of collagenous and elastic connective tissues in the muscles. 
In addition to the pH determinations made on the roasts, the pH 
of a sample of muscle from the fore-part of the chuck was determined 
soon after the slaughter of each animal and at various intervals there-
after. 
The roasts from each muscle gradually decreased in weight as 
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storage time increased. Gradually the exposed surfaces of the roasts 
became dark and dry. After thirty days of storage these surfaces were 
covered with a crust about 1/4 inch thick, and occasionally had small 
areas of mold on them. The surfaces of the meat next to the trays were 
moist and sticky from the fifth day through the thirtieth day of storage. 
In general, the weight lost during cooking decreased slightly as the 
aging period increased. The decrease in length of the roasts during 
cooking was not always linearly related to the time of aging the roasts 
before cooking. All but one of the 120 roasts decreased in width during 
cooking, and all but one roast increased in thickness during cooking. 
These data varied greatly within the roasts from a given muscle. 
Judges' scores for aroma and flavor of the roasts varied only slightly 
among the muscles but varied considerably among the animals. Aroma 
and flavor scores for a given animal varied little during the first to 
twentieth days of aging, but dropped slightly after thirty days of aging. 
The less desirable aroma and flavor in the roasts stored thirty days were 
attributed to a musty odor and an acid or "high" flavor. The juiciness of 
the cooked roasts remained about the same for the first twenty days of 
aging, then dropped slightly after thirty days of aging. The average press 
fluid values followed the same pattern as the juiciness scores. Tender-
n ess scores and shear force of the roasts indicated a gradual increase in 
tenderness with aging, but such increase in tenderness was not always 
linear. Analysis of variance of scores showed that the change in tender-
ness with aging, the variation among muscles, and the variation among 
animals were highly significant. 
Acidification of muscle occurred post mortem. The rate of this 
acidification varied among the animals, but was rapid during the first 
one to two hours. During storage the pH of uncooked muscle dropped 
slightly, then rose slowly. The cooked roasts were slightly more alkaline 
than the uncooked roasts. 
Strips of tendons heated in distilled water progressively decreased 
in length and softened as the temperature of heating increased and as 
the time of heating increased up to certain periods. Tendons from animal 
4 did not soften as readily as those from the other animals. There was 
also variation in the softening of identically treated samples from the 
same animal. The increase in width and thickness of the tendons varied 
tremendously and followed no regular pattern except that the higher 
the temperature of heating, the greater the number of samples which 
increased in width. 
Strips of elastic tissue decreased in length when heated but the 
decrease was small compared to that which occurred in the collagenous 
tissues. Shear force of these tissues showed that under the conditions of 
this study, samples heated for one to two hours were from two to four 
times more tender than they were before heating. 
Histological characteristics of the muscles followed a general pattern 
during the first five days of storage. The most tender muscle, the psoas 
major, differed frorri the other muscles in that, in general, it did not 
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exhibit longitudinal striae and it contained small amounts of connective 
tissue. The fibers of this muscle were slender and the cross striae widely 
spaced and distinct. The fibers of the other muscles varied from straight 
fibers with nodes to fibers containing z- z contractions, kinks, twists, 
and waves. Moderate to large amounts of collagenous connective tissue 
were present and the semitendinosus muscle contained dense strips of 
elastic connective tissue. 
The muscle fibers of animal 4 appeared more gnarled and worn with 
age than the fibers from the muscles of the other animals. Sections made 
from the muscles of animals 3 and 4 contained large proportions of 
collagenous tissue, and in addition, those from animal 4 contained large 
amounts of fat between the muscle fibers. 
Disintegration of the muscle fibers started at about ten days of 
storage and became more evident as time of storage progressed. The 
disintegration consisted of a destruction of the striae in strips of the 
muscle fibers resulting in fragility of the fibers . 
THE INHERITANCE OF AGRONOMIC CHARACTERS 
IN BARLEYl 
ERHARDT R. HEHN 
From the Department of Agronomy, Iowa State College 
Two factor pairs differentiated the growth habit of winter Khayyam 
and the spring varieties, Manchuria 4396 and Selection 54. Khayyam and 
spring Manchuria 44 71 differed by three factor pairl? in respect to 
growth habit. Winter growth was manifested by interaction of the reces-
sive allels of three factor pairs designated as Sh1shi, Sh.ish2, and Sh3shs. 
Spring habit was completely dominant in factor pairs, Sh1sh1 and Sh3sh3, 
and incompletely dominant in Sh2sh2• Any one of the three factor pairs 
in the homozygous dominant condition resulted in true breeding spring 
growth habit. Winter segregates were obtained from a cross of the 
spring varieties Coast x Manchuria 4396. 
Earliness appeared to be conditioned by the interaction of several 
factors. One or more factors differentiated the varieties studied in respect 
to this character. The data indicated that the dominant allel of the 
growth habit factor, Sh2sh2, imparted earliness to spring type segregates. 
Two factor pairs for barbing of the awns were segregating in the F 2 
and F 3 generations of rough awned Cape x smooth awned Wisconsin 38. 
Rough awnedness was dominant. Rough awned Khayyam and Selection 
54, which possessed rough-tipped awns, differed by a single factor pair 
in respect to this character. 
Evidence was obtained that degree of lateral floret development 
in the heterozygotes of two-rowed x six-rowed crosses was influenced 
by earliness. 
Cape and Wisconsin 38 differed by three factor pairs for rachis 
internode number . 
In the cross of Cape with Wisconsin 38 the long basal rachis inter-
node of Wisconsin 38, designated Bibi, was recessive and governed by a 
single factor pair. This factor pair was linked with characters, Rr, Ss, 
and L2Li, located in chromosome V . The order and recombination percent-
ages of the four genes in this linkage group were: bi-16.l-r-34.7-l2-
29.3- s. 
Severity of bacterial blight, Xanthomonas translucens (J.J . and R.) 
Dowson, in the F 2 population of seven crosses, was associated with 
earliness. 
A single factor pair governed reaction under field conditions to stem 
rust, Puccinia graminis tritici Erikss and Henn., in the cross of suscep-
tible Khayyam with resistant Selection 54. 
Reaction to mildew, Erysiphe graminis hordei Marchal, was con-
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trolled by two independent factor pairs in the cross of susceptible Man-
churia 4471 with resistant Chevron. Complete field resistance to what 
appeared to be Race 6 was manifested only by plants homozygous domi-
nant for both factor pairs. 
COMMERCIAL EXTRACTION OF SOYBEAN OIL USING 
NON-INFLAMMABLE SOLVENTS1 
EUGENE GRAHAM HOLLOWELL 
From the Department of Chemical Engineering, Iowa State College 
The most efficient method of removing oil from soybeans is to 
extract it with solvents. Hexane, the most widely used solvent, is highly 
inflammable: consequently, it has been used only in large plants where 
elaborate safety precautions can be enforced. Trichloroethylene is the 
most promising of the non-inflammable solvents, but because of its high 
cost can be used only in systems having low solvent losses . 
. Research at Iowa State College previous to this work resulted in 
the development of an extraction system using a screw conveyor to 
carry the soybean flakes through trichloroethylene (1) (2). In this 
work the Redler conveyor was adapted for use in small scale extraction 
plants using trichloroethylene. Following several years of operation of 
a pilot plant, a commercial plant capable of processing fifteen tons of 
soybeans a day was constructed and operated successfully at Plainfield, 
Iowa. 
The use of continuous conveyors of the Redler type greatly reduces 
the amount of fine meal produced because the flakes are not agitated as 
they are carried through the solvent. Such a conveyor also enables one 
to obtain excellent countercurrent extraction. 
Simple analytical tests for the detection of trichloroethylene in soy-
bean oil, soybean meal, and water are based upon the Fujiwara pyridine 
test for chloroform. Most other tests necessary for plant control can be 
run according to standard methods approved by the National Soybean 
Processors Association. 
Soybeans containing as high as 14 per cent moisture were success-
fully extracted in the commercial plant. The beans were cracked, heated 
to 140°-150°F., and rolled into flakes with 24-inch diameter rolls. With 
an extraction time of twenty minutes, meal containing 0.8 per cent oil 
was obtained from flakes 0.010 inches in thickness. The oil obtained was 
considerably better in quality than required by commercial standards. 
The solvent-oil solution, or miscella, was given a preliminary filtering 
as it left the extraction chamber by being passed through forty mesh 
screens, which were continually being cleaned by fresh flakes. The fine 
meal remaining in the mi$cella passed through the evaporator and was 
filtered by gravity in home-made Kelly-type filters. About 0.05 per cent 
of the beans was obtained as fines. 
A long vertical tube natural circulation evaporator was used for 
evaporating most of the trichloroethylene from the oil. The tubes were 
'Doctoral thesis number 868, submitted August 23, 1947. 
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1 inch in diameter and jacketed with steam for a length of 17 feet. In 
the evaporator the miscella was concentrated from 20 to 80 per cent oil. 
An overall heat transfer coefficient of 65 B.t.u.jhr./ sq. ft ./°F. based on 
the inside area was obtained in the evaporator. Because of the high 
velocity of the vapor and liquid passing through the rising film evaporator, 
it was not necessary to filter fine meal from the solution being concen-
trated. 
Solvent was removed from the concentrated filtered solution con-
taining 80 per cent oil by allowing the trichloroethylene to diffuse into 
a current of steam. A number of different types of stripping devices were 
tried. The most satisfactory were columns packed with Berl saddles 
operated above 100°C. at atmospheric pressure. A 14-inch diameter 
column 14 feet long packed with 1-inch Berl saddles was used in the 
commercial plant. The most efficient packing material tried was a type 
of re-enforced spiral weave wire. 
At times during the operation of the Plainfield Plant a small amount 
of oil would be entrained by the steam passing through the stripping 
column. This oil produced heavy emulsions containing solvent in the 
condenser and in the solvent-water separator. The heavy emulsions were 
eliminated and the solvent recovered by a special type of emulsion-
breaking apparatus. 
After leaving the Redler extraction section, the soybean flakes passed 
through a drainage section, and then through a steam jacketed section 
of the Redler conveyor in which part of the trichloroethylene was 
evaporated. The partially dried meal leaving the Redler drier passed into 
a long tubular drier 1 foot in diameter containing a ribbon conveyor 2 
inches in 'width with a pitch of 1 foot. From the tubular drier the meal 
fell into a toaster identical in construction with the drier. The ribbon 
conveyors in both the drier and toaster were fitted with devices for 
stirring the meal. Meal left the toaster through a barrel valve and was 
then moistened, cooled, and ground. 
Vapor was removed from one end of the Redler drier and from a 
point between the tubular drier and toaster. The vapor leaving at the 
latter point contained fine meal dust, which was removed by spraying 
the vapor with hot water before it entered the condenser. 
Tubular heat exchangers with the vapor condensing inside the tubes 
were used throughout the system. Noncondensable gases were vented 
through the flakes entering the extractor. A small blower was used to 
aid in venting the condensers. Some corrosion of the iron occurred in 
the condenser and in other parts of the system where water and tri-
chloroethy lene could condense. The corrosion problem was not serious. 
Solvent and water leaving the condensers passed into a solvent-water 
' separator from which the water overflowed to the drain. Solvent loss 
was 8 to 10 pounds per ton of beans processed and will undoubtedly be 
reduced in the future. 
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Milkweed seeds containing 23 per cent oil were extracted to 4 or 
5 per cent oil in the pilot plant apparatus using trichloroethylene and an 
extraction time of 15 minutes. A good quality of oil was obtained. 
Cottonseed meats containing 35 per cent oil were extracted to 
give a meal containing 2 per cent oil in the pilot plant with an extraction 
time of thirty minutes. A good quality meal but a poor quality oil was 
obtained. 
The oil content of oatmeal was reduced from 6.5 per cent to less 
than 1 per cent in the pilot plant apparatus. Filtering the fine meal from 
the solvent-oil solution was found to be exceedingly difficult. 
Using an extraction time of thirty minutes in the pilot plant the oil 
content of corn germs was reduced from 50 to less than 3 per cent. The 
oil and meal appeared to be of a satisfactory quality. 
Continuous operation of the commercial plant has proven con-
clusively that soybeans can be profitably extracted in a small-scale plant 
using non-inflammable trichloroethylene. Behavior of the pilot plant has 
indicated that the process can be applied to the extraction of oil from 
many materials other than soybeans using trichloroethylene or similar 
non-inflammable solvents. 
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THE MORPHOLOGY AND GENESIS OF PRAIRIE SOILS 
DEVELOPED FROM PEORIAN LOESS IN 
SOUTHWESTERN IOWA1 
CURTIS EVAN HUTTON 
From the Department of Agronomy, Iowa State College 
A detailed study was made on five prairie soil profiles on the gently 
undulating uplands in southwestern Iowa. It included a study of the 
distribution pattern of the Peorian loess deposit and morphological, 
chemical, and physical studies of the prairie soils along two northwest-
southeast traverses through the area. 
The Peorian loess was shown to have a thickness of more than 100 
feet near the Missouri River bluff. The thickness of the loess decreases 
along the northwest-southeast traverses. The rate of thinning along the 
traverses is very rapid near the bluff but becomes progressively less 
rapid with increasing distance from the bluff. Traverse No. 1, with its 
origin at the bluff adjacent to the wide river bottom in Monona County, 
extends in a northwest-southeast direction to southwestern Wayne 
County. The thickness of loess in southwestern Wayne County, a distance 
of 170 miles from the origin of the traverse, was shown to be 95 inches. 
The Missouri River bottom is proposed as the major source of supply of 
the loessial material, and a theory was advanced that it was deposited by 
winds which blew primarily from• the northwest. 
Morphological studies were made on the prairie soils along the 
traverses, and chemical and physical studies were made on five prairie 
soil profiles along Traverse No. 1. The soil series to which these profiles 
belong are the Monona silt loam, Marshall silt loam, Sharpsburg silty 
clay loam, Grundy silty clay loam, and Seymour silty clay loam. The 
soil series are developed in the direction of thicker to thinner loess 
deposits in the order named, and their geographical distribution is 
functionally related to the loess distribution pattern. The Monona silt 
loam is developed on the thick loess near the river bluff; the Seymour 
silty clay loam, on the thinnest loess along the traverse; and the Marshall, 
Sharpsburg, and Grundy series are developed on deposits of intermediate 
thickness between the two extremes. 
The degree of soil development of these soil series increases in the 
direction of Monona to Seymour. The mechanical analysis studies show 
the degree of horizon differentiation in the Monona silt loam to be very 
weak. The degree of horizon differentiation increases in intensity through 
the Marshall, Sharpsburg, and Grundy series and attains its greatest 
degree of differentiation in the Seymour series. The mechanical analysis 
data also indicate that there was a segregation of the loessial material 
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during its deposition with the percentage of coarse-sized particles of the 
material below the solum, decreasing with distance from the river bluff. 
If the assumption is made that loess deposition was continuous over the 
entire area studied during the loess deposition period, it follows that the 
soil solum would have been deposited in a shorter period of time where 
the loess is very thick than where it is very thin. If the thickness of the 
solum is taken to be 40 inches, theoretically, the solum of the Monona 
soil, which is developed on a loess deposit of 600 inches, would have been 
deposited in about one-fifteenth of the time of loess deposition. The solum 
of the Seymour series, which is developed on a loess deposit of less than 
95 inches, would have been deposited in about two-filths of the time 
of loess deposition. The other series in this study would have values 
between these extremes. The idea was proposed that the length of time 
during which these soil series have been subject to weathering increases 
in the direction of Monona to Seymour. The soils along these traverses 
were shown to be functionally related to these two soil forming factors, 
time and parent material. 
A partial total analysis of the silt and clay fractions of the Monona 
and Seymour series indicates that weathering has been most active in 
the Seymour series. The clay minerals of these two series are shown to 
be mixtures of the Montmorillonite-beidellite, Nontronite, and Illite 
types. Kaolinite is shown to be absent or present in only minor amounts. 
There is an indication that the clay minerals of the Seymour profile have 
been weathered more than those in the Monona profile. The difference 
observed is based on exchange capacities, differential thermal analyses, 
and total analysis of the clays. Base exchange and mechanical analysis 
data indicate that the soil forming processes most active in the develop-
ment of the soils along Traverse No. 1 are (1) one of cationic eluviation, 
and (2) the formation and movement of colloidal material in the soil 
profile. The intensity of the soil forming processes increases in the 
direction of Monona to Seymour. These factors, combined with differences 
in time of soil formation and differences in parent material, have been 
the primary causes of the differences in the character of the soils along 
these traverses. 
A COMPARISON INVOLVING THE NUMBERS OF, AND 
RELATIONSHIP BETWEEN TESTERS IN EVALUATING 
INBRED LINES OF MAIZE1 
KENNETH R. KELLER 
From the Department of Agronomy, Iowa State College 
There are differences of opinion among maize breeders on the kind 
of tester best suited to evaluate inbred lines of maize. The choice of 
a tester depends upon the use to be made of the lines. A suitable tester 
is one of such genetic constitution as to detect inherent differences in 
the combining ability of the lines. When two or more testers are used 
in evaluating the same group of lines, they may be compared by (1) 
their ability to similarly rank the lines and, (2) their within tester x line 
variances. 
Experiments were conducted to investigate the relationship between 
the use of a related and an unrelated line as tester parent. A group of 98 
individual F 2 plants from an F 2 population of the single cross I233 x 
ITE701 were selfed and top-crossed to the related and an unrelated single 
cross. The top-cross yield trials were conducted in separate experiments 
at the same location. There were striking differences in vigor between 
the testers as expressed by yield in bushels per acre with the unrelated 
single cross tester combinations exhibiting the greater yields. Correlation 
coefficients were computed between six agronomic characters recorded 
in each of the two experiments. Several of the correlation coefficients 
were significant but in general were too low to be of value for predictive 
purposes. The results from this investigation indicated that two tester 
parents did not give similar measures of combining ability in the ranking 
of the lines. 
An additional study was made of the variability within each of the 
two single cross testers when crossed with the 98 individual F 2 plants. 
The Chi square test for homogeneity of variances for the various agro-
nomic characters as measured by the two tester parents gave significant 
differences for all characters except yield in bushels per acre and per 
cent stalk lodging. Of the four characters which exhibited significant 
differences in variability, the larger variances for per cent stand, ear 
height grade, and per cent moisture in the grain at harvest were observed 
in the related tester combinations. Variability for per cent root lodging 
was greater in the unrelated tester top-crosses. In general, the two tester 
parents were approximately equal in their measure of variability of the 
lines being tested. 
From frequency distributions for yield in these two tests a seriated 
sample of lines covering the yield range in each experiment was chosen 
'Doctoral thesis number 893, submitted March 16, 1948. 
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for further study in each of the two years. The selected F 3 lines were 
crossed to each of four standard inbred lines in one year and to each 
of three inbred lines and an open-pollinated line in another year. 
These combinations were compared in replicated yield trials. The asso-
ciation between the top-cross performance of F 3 lines and the performance 
of their F 2 parents when crossed to related and unrelated testers was 
investigated. in general, the related and unrelated testers were of approxi-
mately equal value in measuring combining ability from the standpoint 
of variability. Correlation coefficients were computed between all com-
binations of testers in each of the two F 3 top-cross trials. The data for 
the two experiments indicated that testers do not give like measures of 
combining ability regarding rank. The tester parents did indicate equal 
ability in measuring inherent differences as measured by their tester x 
line variances. These tests did not permit of a definite decision as to 
which of the two testers, related and unrelated, was the better. The 
results illustrated that inbred lines as tester parents react differently in 
combinations with the lines. This suggested the use of more than one 
tester in evaluating inbred lines of maize. 
Single cross tests involving all possible combinations of n inbred lines 
were used to study the relative efficiency of a number of testers and 
replications. Within a group of n lines, tested in all combinations, the 
maximum information about a line A can be obtained by considering its 
average performance for the n-1 combinations. The remaining lines 
involved in the test may be considered as testers used to estimate the 
performance of line A. The results with n-2, n-3, etc., testers may be 
used to estimate the number of testers required to obtain a valid estimate 
of the performance of line A. Inferences drawn from these data are 
limited to the lines involved in the investigation. 
Thirty-seven experiments involving all possible combinations of n 
inbred lines were available for this study. These experiments involved 
152 different inbred lines tested during the period from 1929 to 1947. 
Since methods were not available for estimating components of variance 
from incomplete block designs, it was rtecessary to reanalyze all experi-
ments as randomized complete block designs. 
The mean squares and variance components for error, lines x testers, 
and lines were computed for each experiment. Unbiased estimates of 
the ratio of the variance components for lines x testers and lines were 
also computed. Unweighted arithmetic means were used in estimating 
mean unbiased estimates for line x tester and line components. These 
values are estimates of <hT2 and c;L2 and were used in predicting the 
combining ability of the best inbred lines as determined from top-cross 
tests. Formulas were used for computing the average gain in combining 
ability due to the selection of the apparently best instead of a random 
line from a sample of n lines. The data indicate that the gain in genetic 
advance beyond the use of eight to ten inbred line testers is very slight. 
Using a similar approach for a constant number of lines, it was found 
that the gain in genetic advance beyond the use of three replications was 
small. 
POLYGENIC INHERITANCE OF FRUIT SIZE IN RED PEPPER 
(CAPSICUM FRUTESCENS L.) 1 
!AN KHAMBANONDA 
From the Department of Genetics, Iowa State College 
Two varieties of red pepper, Red Chili (P1) with small elongated 
fruit and Sunnybrook (P2 } with large oblate fruit, were crossed, and 
without selection, the hybrids were selfed through the fourth filial 
generation. In experimental field tests, plants of the parental populations 
and of all hybrid generations were grown at the same time. Five fruits 
were harvested from each plant for measurements of length, width, 
shape (index ratio of length to width) , green weight, and dry weight, 
which were the polygenic characters chosen for investigation. 
Correlations, means, and variances of the characters were calculated 
on arithmetic and logarithmic bases. Variations of the non-segregating 
P 1, P 2, and F 1 generations were taken as environmental effects for 
estimating genotypic variances of F 2, F 3, and F4. The regression of F 4 
on F 3 progeny means measures heritability of phenotypic differences of 
F ~ progenies, and the coefficient is used in determining genetic variances 
of segregating generations. The trend of generation means, the genotypic, 
and the genetic variances were compared with theoretical genetic expec-
tations in selfed generations formulated with assumptions of various 
types of gene action, from which inferences on nature of the polygenes 
were made. 
FRUIT LENGTH AND WIDTH 
Results of statistical analyses confirm the supposition that length 
and width of fruit are largely expressions of shape and weight factors. 
Correlation studies of the characters show the existence of genes for 
shape. The extremely transgressive segregation of fruit length suggests 
that it is not inherited as such but as a component of shape. It is unlikely 
that genes control length and width of fruit per se; and even if length 
and width genes were present, they would cause only minor deviations 
after shape manifestations have been accounted for. 
FRUIT SHAPE 
By logarithmic transformations of data, the environmental variations 
of shape indices in P i, P 2, and F 1 become equal, and therefore can be 
considered multiplicative. It is believed that genotypic variations in 
F2, F 3, and F 4 are also multiplicative. Trimodal logarithmic distributions 
of fruit shapes in segregating generations indicate a major gene difference. 
The distribution frequencies can be sharply divided into two groups, 
' Doctoral thesis number 902, submitted June 4, 1948. 
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which fit the monohybrid ratios in case of self-fertilization. When modal 
values are used to evaluate genotypes, the oblate (00) shape index is 
1.15 (log .06), the heterozygote (Oo) 1.51 (log .18), and the elongated 
(oo) 3.43 (log .54) , oblate being partially dominant to elongated. The 
variances contributed by this gene pair alone approximate the observed 
genotypic variances, implying only one gene pair for shape segregation. 
The discrepancy between the homozygous genotypes and the correspond-
ing parental types is attributed to genetic substrate dissimilarities and 
environmental modifications. 
GREEN WEIGHT OF FRUIT 
Fruit weights in non-segrating populations vary exponentially with 
means, which leads to a conclusion that environmental variations are 
multiplicative. Positive skewness of F 2, F 3, and F 4 distributions may 
be explained by either dominance or epistasy of small weight, or 
multiplicative effects of genes. However, since the generation means, 
F 1 = log 1.771, F 2 = log 1.758, F 3 = log 1.694, and F~ = log 1.673, tend 
to decrease, which is characteristic of gene action with excess of domi-
nance or epistasy of large weight, the skewness is ascribed to multiplica-
tive effects of genes rather than dominance or epistasy of small size. 
Thus, a deduction may be drawn that actions of weight genes are 
multiplicative and preponderantly dominant or epistatic for large fruit. 
With a logarithmic scheme of analysis, heritability of F 3 progeny 
means is 64 per cent. An examination of variances z:eveals some evidences 
of linkage and epistasy. Substrate factors seem to affect expressivity of 
the genes. It is estimated that the minimum number of genes for fruit 
weight differences in this pepper cross is between tw~nty and thirty-
three. 
DRY WEIGHT OF FRUIT 
Dry weight and green weight of fruits within parental and hybrid 
p opulations are strongly correlated. Genetic analyses of the two weights 
give identical results and conclusions regarding the number and proper-
ties of genes. Both characters must be manifestations of the same genetic 
factors. With the regression method, it is found that 58 per cent of 
phenotypic variations of dry fruit weight between F 3 progenies is genetic. 
The curvilinear association of dry and green weights between genera-
tion means is interpreted to mean that the multiplicative action of genes 
is expressed in the weight of dry matter of the fruit as well as in the water 
content, which increases in percentage with size of fruit. 
PROPERTIES OF KERNELS OF INTEGRAL EQUATIONS 
WHOSE ITERATES SATISFY LINEAR RELATIONS1 
CARL ERIC UNGENHOP 
From the Department of Mathematics, Iowa State College 
In the Fredholm integral equation 
u (x) = f(x) +I.[~ (x,t) u (t) dt 
a 
the function K (x,y), which will be supposed real, is called the kernel 
of the..equation. In the theory of such integral equations there are defined 
the iterated kernels 
K 1 (x,y) = K (x,y), 
K 2 (x,y) = f ~1 (x,t)K (t,y) dt, 
a 
and, in general, 
Kn (x,y) = fa~n-1 (x,t) K (t,y) dt. 
(In this thesis integration is in the sense of Lebesgue.) 
The main result of this thesis is concerned with kernels and their 
iterates and can be stated as follows: If K (x,y) is bounded and measur-
able over the square a< x ,y<b, and if the iterated kernels satisfy the 
relation 
(1) aiKi(x,y) + ~K2 (x,y)+ ... + anKu(x,y) = O, a1 =j= O, 
over this square, then K (x,y) can be written in the form 
(2) 
for a < x ,y < b. 
N 
K (x,y) = ~ ui (x) V; (y) 
i= 1 
This result follows when one notes that K (x,y) is a solution of an 
integral equation 
K(x,y)= J~(x,t)K(t,y)dt 
a 
where H (x,y) is a linear combination of the interates of K (x,y). H (x,y) 
1 Doctoral thesis number 915, submitted June 7, 1948. 
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is bounded since K (x,y) is, and using Bessel's inequality, one shows that 
there can be only a finite number of y's yielding linearly independent 
K (x,y) 's considered as functions of x.2 
For kernels for which {'K (t,t) dt exists the preceding theorem is 
·a 
used to show that only bounded kernels of the form (2) can have their 
Fredholm determinant D (le) and Fredholm first minor D (x,y;lc) being 
polynomials in A of the same degree. This follows readily when one 
shows that the coefficient of /c"•1 in D (x,y;lc) can be written as 
(3) AnK1 (x,y) - nAn-1K2 (x,y) + n (n-1) Au-2Ka (x,y) + · · · 
+ (- 1) "n! Kn+l (x,y) 
where A r is the coefficient of Ar in D (le). D (x,y;lc) and D (le) being 
polynomials in A of the same degree, say n, implies that the expression 
(3) is identically zero and that A 11 9= 0. · 
The theorem is also used to prove that for a bounded continuous 
symmetric kernel, if either D (le) or D (x,y;lc) is a polynomial in A, then 
K (x,y) must be of the form (1). (This result also follows from a known 
expansion of a symmetric kernel in terms of the characteristic solutions 
and the fact that the number of these solutions is finite if D (le) is a poly-
nomial.) For kernels of the special form (1) it is known that D (le) is a 
polynomial, so some of the theorems of this thesis provide a partial 
converse of this fact. 
If one defines the matrix C with elements 
then, in general, 
Kn (x,y) = U (x) C 0 - 1VT (y) 
where U (x) and V (y) are the row matrices 
(ui (x)' U 2 (x) , .. . J U N (x)) ' (vi (y) ' V 2 (y) , . .. J V N (y))' 
respectively. If the u 1 (x) are all linearly independent, as they would 
be when properly chosen, then the relation (1) is equivalent to the 
matrix equation 
ail + a2-C + ... + aucn- i = 0. 
If K (x,y) satisfies the relation 
(4) K 2 (x,y) = K (x,y), 
2 This part of the proof is very similar to the r easoning used by Bocher in 
proving that the index of any character istic constant of a bounded kernel is finite. 
M. Becher , A n Introduction to the Study of Int egral Equations. Cambridge Univer-
sity Press, London, 1909, p . 56. 
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the kernel is designated as idempotent. For such a kernel the matrix C 
satisfies 
C = l , 
so that l ~i (t) U j (t) dt = ()li· 
It follows immediately then that /~ (t,t) dt for an idempotent kernel 
a 
must be a positive integer or zero in the trivial case K (x,y) = 0. 
Functions satisfying (4) have arisen in connection with a special 
type of Markoff stochastic process concerning which Blackwell3 has 
proven a general theorem showing how the range of each variable is 
broken up into disjoint sets A 11 over each of which K (x,y) is a function 
of y alone. The remainder of the present thesis is devoted to an alter-
native proof of part of Blackwell's result. 
3 
"Idempotent Markoff Chains," Annals of Mathematics, Series 2, 43 : 560-67. 
(1942.) 
STRATIFICATION IN SURVEY SAMPLING1 
CLIFFORD JOSEPH MALONEY 
From the Department of Statistics, Iowa State College 
In the practical application of the principle of stratification to survey 
sampling, it is common to have information as to the distribution of the 
members of the population to be sampled on the basis of each of two or 
more criteria, without having information on the joint distribution. In 
this situation, a number of practical procedures for obtaining the sample 
and making use of all the relevant information are available and have 
been used. It has not always been recognized, perhaps, that there must 
necessarily be some loss of precision by any such scheme as compared 
to sampling with complete stratification. 
The present study consists of an examination of the extent of such 
loss and a practical scheme-not known to have been actually employed-
for carrying out such sampling. The argument rests on a chain of four 
theorems. A fifth theorem from the literature provides some measure 
of the relative efficiency of sampling, when only the marginal distribu-
tions are employed, compared to that of sampling at random or sampling 
with complete stratification. 
The first two theorems, while simple, are extremely general. The 
hypotheses in both cases are (1) that the expected value of the number 
of sample elements taken from the cells of the multiply-stratified popu-
lation be independent of the value of the sampled character; (2) that 
the expected value of the character be independent of the manner in 
which the sample is distributed into the cells of the population. The 
first theorem then establishes that the expected value of the sample 
mean depends only on the first moment of the population. The second 
theorem shows that the variance of the sample mean depends only on 
the first two moments in the population. Both depend also on the numbers 
selected from the several strata and the number in the several strata. 
A corollary to the first theorem asserts that, if (1) the expected 
value of the sample cell proportions are equal to the population cell 
proportions, and if (2) the expected value of each element in the sample 
is equal to the population mean for the cell from which selected, then 
the expected value of the sample mean is equal to the population mean. 
A corollary to the second theorem shows that under the same conditions 
plus the condition that (3) the value of the characters of elements 
selected from different cells are uncorrelated, then the variance of the 
sample mean is equal to that obtained under complete stratification plus 
a quantity, L, which depends on the population cell means and on the 
distribution of the sample cell numbers. 
'Doctoral thesis number 899, submitted June 3, 1948. 
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In the sampling scheme which forms the subject of this study, the 
sample is to be selected at random, subject only to the restriction that 
the sample marginal proportions are to be equal to the population 
marginal proportions. Hence, the two theorems are at once applicable. 
Two of the three conditions necessary to make the two corollaries appli-
cable are evidently satisfied. It remains to show that the expected values 
of the sample cell proportions are equal to the population cell propor-
tions. The solution obtained to this question is an assymptotically valid 
one, closely akin to that obtained in the related chi-square problem by 
Karl Pearson. 
If the sample cell numbers were freed of the marginal conditions 
and subject only to the requirement on the total number, then it is 
well known that the allocation of sample numbers to the cells of the 
population would follow the multinomial distribution. The effect of the 
marginal conditions is to Peplace the full multinomial distribution by the 
conditional distribution of those terms of the full distribution which 
satisfy the restrictions, which are all of the form of linear restraints on 
the cell numbers. Hence, in the discussion, advantage is taken of the 
fact that the multinomial distribution is assymptotically normal, and 
that the multivariate normal distribution possesses the reproductive 
property to replace the orginal set of variables-the sample cell numbers-
by the marginal totals and enough of the sample cell numbers to make 
the transformation non-singular. The approximating normal distribution 
of these retained sample cell numbers is then obtained. The quantity, L , 
by which the variance of the sample means obtained by this method 
of sampling exceeds that of sample means obtained by complete stratifi-
cation, is reduced by. this transformation to the expected value of a 
linear combination of the retained sample cell numbers, where the 
coefficients are linear combinations of population strata means. 
The third and fourth theorems establish that the conditional distri-
bution of the retained sample cell numbers is identical with the least 
squares estimates of these populational cell numbers, where sampling 
is random and the least squares normal equations arise through the 
action of the marginal restrictions. This result affords a practical tech-
nique for drawing samples: (1) draw a single random sample, (2) . 
adjust the sample cell numbers to the marginal restrictions by least 
squares, and (3) fill up any deficient cells by additional drawings. 
The actual evaluation of the quantity, L, requires a knowledge of 
the population cell proportions and of the cell means, and the solution 
of a system of simultaneous linear equations of an order equal to the 
number of independent cell frequencies. While the matrix of this system 
of equations is symmetrical and possesses a strong pattern in the ele-
ments, no simple explicit inversion of it was found. A reduction of its 
order was obtained by matrix methods, and a detailed discussion of the 
determinant of the matrix was carried out. The nature of the polynomial 
value of the determinant was ascertained, leading to a method of calcu-
lation which might prove useful in machine evaluation. A first and 
second approximation to the exact determination were also devised. 
SOLUBLE MANGANESE AS A FACTOR AFFECTING THE 
GROWTH OF VARIOUS LEGUMES IN CULTURE 
SOLUTIONS AND IN ACID SOILS1 
HAROLD DONALD MORRIS 
From the Department of Agronomy, Iowa State College 
Several legumes were grown in culture solutions of varying man-
ganese levels to determine the minimum concentrations of manganese 
necessary for injury. The species differed greatly in their tolerance to 
manganese. The concentrations of manganese found to be injurious to 
the various legumes ranged from 1 to 10 p.p.m. The legumes ranked in 
order of their sensitivity to manganese toxicity were: lespedeza, sweet 
clover, soybeans and cowpeas, and peanuts. The manganese toxicity 
symptoms exhibited by the legumes also differed greatly. The toxicity 
symptoms were confined almost entirely to the leaves. 
The legumes differed greatly in the amounts of manganese absorbed 
from culture solutions containing identical concentrations of manganese. 
Cowpeas absorbed the largest quantities of manganese, soybeans and 
lespedeza intermediate amounts, and sweet clover and peanuts the 
smallest amounts. The manganese concentration of the leaves was several 
times that of the stems. The tolerance of legumes to manganese was 
apparently determined by two factors: (1) the quantity of manganese 
absorbed by the plant, and (2) the tolerance to large amounts of manga-
nese within the plant. 
Two strains of Korean lespedeza used in the experiment differed 
significantly in their tolerance to manganese toxicity. The difference in 
tolerance of the two strains to manganese toxicity was found to be 
related to their relative growth under acid and alkaline soil conditions. 
The strain which showed the least tolerance to manganese grew relatively 
poorer under acid soil conditions and relatively better under alkaline 
soil conditions. 
An increase in the calcium concentration of the culture solution from 
12 to 60, or to 300 p.p.m. was ineffective in reducing manganese toxicity 
of lespedeza. At the highest calcium level there was some indication 
that manganese toxicity was increased. No alleviation of manganese 
toxicity was obtained by increasing phosphorus in the nutrient solution 
from 2 to 20 p.p.m. 
Increasing the concentration of iron from 0.2 to 1.0 p.p.m. in the 
nutrient solution resulted in greatly reduced toxicity from a given con-
centration of manganese. Increasing the iron in solution above 1.0 p.p.m. 
resulted in reduced growth of lespedeza regardless of the manganese 
1 Doctoral thesis number 878, submitted December 15, 1947. 
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concentration. Marked differences in growth and toxicity symptoms were 
obtained at identical iron-manganese ratios, with different total amounts 
of iron and manganese indicating that the iron-manganese ratio is not 
the primary factor controlling toxfoity. The beneficial effect of iron in 
reducing manganese toxicity was due to a decrease in manganese absorbed 
by the plant rather than an increase in iron absorption. Iron deficiency 
and manganese toxicity symptoms of soybeans were not identical as has 
been claimed by other investigators. 
The exchangeable and water-soluble manganese concentrations of 
twenty-five naturally acid soils were determined. Concentrations of 
exchangeable manganese varied from 1 to 638 p.p.m. Water-soluble 
manganese in 1: 2 soil-water extracts ranged from none to 6.3 p.p.m. 
expressed on an oven-dry soil basis. The average concentration of water-
soluble manganese of the most acid soils was considerably higher than 
that of the less acid soils. Soils containing high concentrations of water-
soluble manganese were either more acid than pH 5.20 or contained 
relatively large amounts of exchangeable manganese. Soil solutions of 
soils upon which plants made very poor growth and exhibited extreme 
manganese toxicity symptoms contained concentrations of manganese 
greatly in excess of those found to be toxic to legumes in culture solutions. 
Lespedeza and sweet clover grown on several· acid soils exhibited 
toxicity symptoms identical with those obtained when these legumes 
were grown in culture solutions containing toxic concentrations of man-
ganese. Where manganese toxicity symptoms were evident the plant 
contained large amounts of manganese, and relatively high concentra-
tions of water-soluble manganese were present in the soil. When sweet 
clover or lespedeza contained more than 400 p.p.m. manganese, toxicity 
symptoms were apparent, and the severity of these symptoms and the 
reductions obtained in yields were proportional to the concentration of 
manganese in the plant. 
Applications of calcium carbonate were beneficial to plant growth 
on acid soils containing high amounts of water-soluble manganese. This 
b eneficial effect was due, at least in part, to the reduction of soluble 
manganese in the soil brought about by the increase in pH. No beneficial 
effect was derived from calcium carbonate on acid soils containing very 
low concentrations of water-soluble manganese. 
Applications of calcium sulfate to acid soils were detrimental because 
of the increased water-soluble manganese in the soil and a corresponding 
increase in the manganese content of the plant brought about by the 
treatment rather than failure to supply an available form of calcium. 
Calcium sulfate increased the soil acidity in all cases. 
Applications of phosphate as high as 1,500 pounds P 20 5 per acre 
were ineffective in reducing manganese toxicity of legumes on certain 
acid soils. Increases in yield obtained from the high phosphate treatments 
were due to the additional phosphorus supplied rather than to any 
decrease in the water-soluble manganese content of the soil. 
ORIENTATION AND CLEAVAGE OF S'oME 
SUBSTITUTED DIBENZOTHIOPHENES1 
JOHN FRANCIS NOBIS 
From the Department of Chemistry, Iowa State College 
The study of dibenzothiophene chemistry was initiated in these 
laboratories some years ago by Jacoby2 and was continued to some 
extent by Avakian.3 A renewal of interest in dibenzothiophene chemistry 
was stimulated by some war research problems dealing with the prepara-
tion of antimalarial and antituberculous compounds. During the course 
of this work a number of new dibenzothiophene compounds was prepared 
and these compounds were of particular interest in medicinal organic 
chemistry. It was also necessary to prepare some previously reported 
compounds, and new procedures and new constants have been listed 
for several of these. A literature survey of the known derivatives of 
dibenzothiophene has been included. 
Certain dibenzothienylsilanes were prepared in order to study the 
stability of the C-Si bonds. This stability study was made by determining 
the percentage of cleavage products obtained when the compounds in 
question were treated with anhydrous hydrogen chloride in refluxing 
acetic acid solution for fifteen hours. Some other new organosilanes were 
also prepared for cleavage studies. 
The author was motivated by the same war research problems to 
prepare a series of 2,5-dimethylpyrroles and 2-methyl-5-phenylpyrroles. 
The method of Gilman and Jacoby4 for the preparation of 2-acetyl-
dibenzothiophene was modified slightly during the course of this research 
and a pure yield of 45 per cent, not previously reported by these research-
ers, was obtained. 2-Acetyldibenzothiophene oxime4 was treated with 
phosphorous pentachloride and the resulting acetamino compound hydro-
lyzed to give a 72 per cent yield of 2-aminodibenzothiophenei\. 2-Aminodi-
benzothiophene was also prepared in 91.5 per cent yield by catalytic 
reduction of 2-nitrodibenzothiophene5• 2-Aminodibenzothiophene-5-diox-
ide, m.p. 278°-280°, and 2-nitrodibenzothiophene-5-dioxide5 were pre-
pared in 87 per cent yields by oxidation of the parent compounds with 
hydrogen peroxide. 
2-Hydroxydibenzothiophene5 was prepared from 2-aminodibenzothio-
phene, and an unsuccessful attempt was made to prepare this phenol by 
fusion of 2-bromodibenzothiophene with sodium hydroxide. 
2,8-Diacetyldibenzothiophene was prepared in 77 per cent yield 
1 Doctoral thesis number 897, submitted May 28, 1948. 
• Jacoby, Doctoral Dissertation, Iowa State College, 1938. 
• Avakian, Doctoral Dissertation, Iowa State College, 1944. 
• Jour. Org. Chem. 3: 108 (1938). 
• Cullinane, Davies, and Davies, Jour. Chem. Soc. p. 1435 (1936). 
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from 2-acetyldibenzothiophene in larger amounts and by a slightly 
different procedure than that reported by Burger and co-workers.6 
Additional proof of structure of this compound was found by the pre-
paration of 2,8-diacetaminodibenzothiophene, m.p. 303°, in 93 per cent 
yield by a Beckmann rearrangement of 2,8-diacetyldibenzothiophene 
dioxime and 2,8-diaminodibenzothiophene, m.p. 199.5°-200°, in 76 per 
cent yield by hydrolysis of the diacetamino compound. Mixed melting 
point determination with authentic specimens, prepared by nitration of 
2-nitrodibenzothiophene followed by catalytic reduction and acetylation, 
were not depressed. Courtot7 has reported a melting point of 237° for 
the diacetamino compound and Burger and co-workers6 listed a melting 
point of 253°. Courtot listed the melting point of 2,8-diaminodibenzothio-
phene as 178° and Burger and co-workers recorded it at 193°. In some 
recent studies by Neumayer and Amstutz8 on 2,8-diaminodibenzothio-
phene, new melting points are also recorded that agree with those found 
here. 
Neumayer and Amstutz reported that they were unable to oxidize 
their 2,8-diacetamino compound to the corresponding 5-dioxide. It was 
found that 2,8-diacetaminodibenzothiophene could be oxidized to the 
5-dioxide, m.p. 356°-357°, in good yields by the use of either hydrogen 
peroxide or hypochlorous acid. 2,8-Diaminodibenzothiophene-5-dioxide, 
m.p. 327°-328°, was obtained by hydrolysis of the diacetamino 5-dioxide. 
4-Methoxydibenzothiophene-5-dioxide, m.p. 191°, was prepared by 
oxidation of 4-methoxydibenzothiophene with hydrogen peroxide. 
It was, noted that the observed orientation of the dibenzothiophene 
nucleus and the dibenzothiophene-5-dioxide nucleus is in excellent 
agreement with the predictions of the modern electronic theory of aro-
matic substitution. Since the chemistry of dibenzothiophene is analogous 
in many respects to the chemistry of the related heterocycle dibenzofuran, 
a comparison of the melting points of similar compounds was included. 
The following generalizations were apparent. First of all, it seems that 
most dibenzothiophene derivatives containing the same functional group 
in the analogous position to the dibenzofuran derivatives melt higher. 
Secondly, the melting points of the substituted dibenzofuran compounds 
increase from the 1-position to the 2-position to the 3-position with the 
melting point of the 4-isomer usually lower than that of the 3-isomer. 
This same phenomenon seems to be borne out in the dibenzothiophene 
series. 
The organosilicon derivatives of dibenzothiophene were prepared 
in the conventional manner9 from the appropriate dibenzothienyllithium 
compounds and the trisubstituted silicon halides. The preparation of all 
dibenzothienylsilanes involved the difficulty of separation of the unreacted 
dibenzothiophene. The 5-dioxides of the compounds were prepared in 
excellent yields by oxidation with hydrogen peroxide. 
• Burger, Wartman, and Lutz, Jour . Amer. Chem. Soc. 60: 2628 (1938). 
' Courtot and Pomonis, Compt. rend., 182: 893 (1926) . 
• Jour. Amer. Chem. Soc. 69: 1920 (1947) . 
• Clark, Doctoral Dissertation, Iowa State College, 1946. 
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4-Trimethylsilyldibenzothiophene, b.p. 215° / 20 mm., was prepared 
in 87 per cent yield from 4-dibenzothienyllithium3 and trimethylsilyl 
chloride. When this silane was treated with anhydrous hydrogen 
chloride an 87 per cent yield of dibenzothiophene was obtained. A 
quantitative recovery of 4-trimethylsilyldibenzothiophene-5-dioxide, 
m.p. 146°, prepared in 42 per cent yield from 4-trimethylsilyldibenzothio-
phene and hydrogen peroxide, was obtained when this dioxide was 
treated with hydrogen chloride. Apparently, the formation of the 5-dioxide • 
stabilized the molecule to a considerable extent. Additional evidence of 
this stability was noted by the fact that it was possible to prepare a 
mononitro derivative of this dioxide, m.p. 223°. 
4-Triphenylsilyldibenzothiophene, m.p. 193°, was prepared in 6.8 per 
cent yield from 4-dibenzothienyllithium and triphenylsilyl chloride. The 
dioxide, m.p. 212°, was obtained in 93 per cent yield. 4-Triphenylsilyldi-
benzothiophene was not cleaved by hydrogen chloride but a mixture of 
cleavage products was obtained when. the compound was treated with 
bromine. Marshall10 also observed that the trimethylsilyl group would 
cleave more easily than the triphenylsilyl group when attached to the 
same nucleus. 
2-Triphenylsilyldibenzofuran, m.p. 124°, was prepared in 8.7 per cent 
yield from 2-dibenzofuryllithium11 and triphenylsilylchloride. The 4-
isomer could not be prepared. 
Triphenyl-~-styrylsilane, m.p. 146° , triphenylphenylethinylsilane, 
m .p. 96°-98°, triphenyl-a-chloroethylsilane, m .p. 129°, tripheIJ.yl-~­
chloroethylsilane, m.p. 124° , and triphenylethylsilane12 were prepared 
by sequences of reactions which started with the appropriate organolith-
ium compounds. Triphenyl-a-chloroethylsilane was also prepared from 
triphenylethylsilane and sulfuryl chloride. This compound did not react 
with sodium hydroxide nor magnesium. 
Triphenyl-~-styrylsilane gave 21 per cent hexaphenyldisiloxane when 
treated with hydrogen chloride. Triphenylphenylethinylsilane cleaved 
easily with hydrogen chloride to give 67 per cent acetophenone and 32 
per cent hexaphenyldisiloxane. The C-Si bond was probably broken first 
to give triphenylsilyl chloride and phenylacetylene. The phenylacetylene 
then would add hydrogen chloride to give dichloroacetophenone. The 
admixture of water to the cleavage products and subsequent reaction 
would account for the isolation of the acetophenone and hexaphenyldisil-
oxane. 
Trimethyl-o-anisylsilane, b.p. 91° / 15 mm., trimethyl-p-anisylsilane, 
b .p. 220° / 740 mm., and trimethyl-,p-bromophenylsilane9 were prepared 
from trimethylsilyl chloride and the corresponding organolithium com-
pounds. Trimethyl-p-hydroxyphenylsilane could not be prepared by 
oxidation of trimethyl-p-lithiophenylsilane, by reaction of trimethylsilyl 
chloride with lithium p-lithiophenoxide, nor by cleavage of trimethyl-p-
'
0 Doctoral Dissertation, Iowa State College, 1948. 
11 Gilman, Langham, and Willis, J our. Amer. Chem. Soc. 62: 346 (1940) . 
"Marsden and Kipping, Jour. Chem. Soc. 93: 209 (1908). 
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anisylsilane with sodium in pyridine.13 The corresponding o-hydroxy-
phenylsilane could not be isolated from similar attempted preparations. 
The course of these reactions was followed by means of Color Test I. It 
was found that the trimethylhydroxyphenylsilanes probably existed in 
solution but were unstable and cleaved during the attempted isolation. 
Phenol was the only phenolic material isolated from these reactions. 
1- (p-Bromophenyl)-2-methyl-5-phenylpyrrole, m.p. 119°, 2-(2-
methyl-5-phenylpyrryl-1)-pyridine, m .p. 94.5°, 1-(p-carboxyphenyl)-2-
methyl-5-phenylpyrrole, m.p. 210°, and 8-(2-methyl-5-phenylpyrryl-1)-6-
methoxyquinoline, m.p. 139°, were prepared by condensation of the 
appropriate amines with phenacylacetone. 
"' Prey, Ber., 76B: 156 (1943). 
BACTERIAL METABOLISM OF GLYCINE AND ALANINE1 
DAVID PARETSKY 
From the Department of Bacteriology, Iowa State College 
THE INTERMEDIARY METABOLISM OF GLYCINE 
Although glycine is the simplest of the amino acids, little is known 
about its mode of dissimilation by bacteria. The purpose of these investi-
gations is to examine and determine the mechanism of the bacterial 
oxidative dissimilation of glycine. For the purpose of this investigation 
a species of Achromobacter was employed. These organisms metabolize 
glycine in a manner as yet unreported in the literature. The equation for 
the overall reaction is 
The mechanism" of the dissimilation is more complex than the equa-
tion indicates. 
It is proposed that hydrogen peroxide is formed in the initial stage of 
the oxidation in the manner postulated by Krebs (1936). It is decomposed 
by peroxidase present in the bacteria and so participates in metabolic 
reactions. The importance of hydrogen peroxide in intermediary meta-
bolism is discussed. Through the action of peroxidase, hydrogen peroxide 
may oxidize metabolic products which are otherwise not oxidizable by 
the cells. By such action hydrogen peroxide may prevent the accumula-
tion of products which are normally toxic to cells. One such product is 
formaldehyde. 
Although there has been much work done on the role of formalde-
hyde in photosynthesis, the problem is still controversial. In the present 
studies formaldehyde has been isolated (dimedon derivative) as an 
intermediate during the bacterial dissimilation of glycine. Sensitive 
tests fail to reveal the presence of formaldehyde as a final product of 
metabolism; it is apparently further metabolized by the bacteria. Evidence 
is presented to suggest that the formaldehyde probably undergoes a 
partial dismutation to formic acid and methylene glycol. Formic acid is 
oxidized to carbon dioxide and water. Methylene glycol is hydrated 
formaldehyde and in dilute aqueous solution formaldehyde actually 
exists as methylene glycol and lacks the carbonyl structure. It is proposed 
that methylene glycol is polymerized by the bacteria to higher carbohy-
drate-like compounds. The analytical evidence indicates that some of the 
synthesized extracellular material is of a ketopentose nature, and deriva-
tives of substituted phenylhydrazine compounds have been prepared of 
'Doctoral thesis number 8881 submitted March 12, 1948. 
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this material. Some of the synthesized intracellular material may act as 
a reducing carbohydrate after acid hydrolysis of the bacteria. 
The theory is presented that the methylene glycol resulting from the 
oxidative dissimilation of glycine is in a "biologically active" form, and 
as such participates in the synthesis of carbohydrates by the mechanisms 
proposed by Kuster and Schoder (1924), Orthner and Gerisch (1933), 
Kusin (1935), and Langenbeck (1942). 
The following mechanism of oxidative dissimilation of glycine is 
proposed: 
2 CH2NH2COOH + 2 H20 + 2 0 2 ~ 2 CHOCOOH + 2 NH3 + 2 H20 2 
2 CHOCOOH ~ 2 CH20 + 2 C02 
2 H202~ 2 H20 + 2 0 
2 CH20 + H20 + 0 ~ HCOOH 
~ CH2(0H)...i 
HCOOH + 0 ~ C02 + H20 
2 CH2NH2COOH + 2 0 2 ~ 3 C02 + 2 NH3 + CH2 (OH) 2 
Methylene glycol may be polymerized to higher carbohydrates by 
the following type of mechanism: 
CH2 (OH) 2 + CH2 (OH) 2 ~ H20 + HCOH ~ CH20HCHO 
("active") 11 (glycolic aldehyde) 
HCOH 
CH20HCHO + CH2 (OH) 2 ~ H20 + CH20HCHOHCHO ~ CH20IICOCH20H 
(glyceric aldehyde) (dihydroxyacetone) 
CH2 (OH) 2 CH2 (OH) 2 
Dihydroxyacetone ~===== tetrose 
CH2(0H)2 
hexose ..... 
====== pentose 
THE BACTERIAL SYNTHESIS OF ALANINE 
The synthesis of alanine by Aerobacter aerogenes was investigated. 
It was found that under the experimental conditions described, carbon 
dioxide is not required by non-proliferating cells for the synthesis of 
alanine from pyruvic acid and ammonium chloride. More alanine was 
found when the reactions were conducted under anaerobic conditions 
than under aerobic conditions. 
Cell-free enzyme preparations were made from Aerobacter aerogenes. 
These preparations could utilize the ammonium ion and pyruvic acid 
for the synthesis of alanine. As in the case of intact cells, the necessity 
for carbon dioxide in the synthesis of alanine could not be demonstrated. 
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Approximately 25 per cent of the added pyruvate was recovered as 
alanine. Since the reaction 
CH3COCOOH + NH4"' ~ CH3CHNH2COOH + 0.5 0 2 + H"' 
is endergonic, the energy for the synthesis is probably derived from a 
coupled reaction in which part of the pyruvate is dissimilated. The 
necessity for phosphate makes it likely that a phosphorylated inter-
mediate is involved in the synthesis of alanine by the cell-free enzyme 
system. 
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THE PHYSIOLOGICAL ACTION OF THIAMINE ANALOGUES 
IN THIAMINE DEPENDENT SYSTEMS1 
JOSEPH C. PICKEN, JR. 
From the Department of Chemistry, Iowa State College 
The use of structural analogues of naturally occurring, biologically 
active compounds, in the study of the physiological action of the natural 
compounds, has become a well-established and useful tool in biochemical 
research. The extension of this principle to the systematic structural 
modification of the active analogue molecules themselves, and the study 
of the effects of these on the action of the natural compounds, adds 
another effective and informative method for this type of study. 
In thiamine and thiamine-enzyme chemistry, isolated analogue-
thiamine antagonisms and interrelationships have been established for 
several different thiamine analogues characterized by minor modifica-
tions of the thiamine molecule. Systematic structural modifications of 
the analogue molecules themselves, for the purpose of investigating their 
mode of action, have been reported for only one of the active analogues, 
oxythiamine, in which the presence of the free hydroxyl group on the 
ethyl side chain of the thiazole moiety has been shown to be necessary 
for the inhibitory activity of oxythiamine. 
Two new types of thiamine analogues, the benzyl-(3)-thiazolium 
and the amino alkyl- (3)-thiazolium, have been studied and certain ones 
found to be effective in influencing thiamine function in animal and 
microbial species. Among these, the o-aminobenzyl- (3)-4-methyl-5-
~-hydroxyethylthiazolium analogue of thiamine is an inhibitor of rat 
growth; but also exerts a marked stimulatory effect on the growth of 
Lactobacillus fermentum 36. The o-aminobenzyl- and the y-aminopropyl-
(3)-4-met.hylthiazolium analogues of thiamine have been found to exert 
an inhibitory effect on the growth of L. fermentum 36. 
The benzyl- (3)-thiazolium compounds investigated include the 
benzyl, o- and p-aminobenzyl, the o-, m-, and p-nitrobenzyl- (3)-4-methyl-
5-~-hydroxyethylthiazolium analogues of thiamine, and the benzyl, 
o-aminobenzyl- and o-nitrobenzyl- (3)-4-methylthiazoliurn analogues of 
thiamine. Amino alkyl analogues include the y-phthalimidopropyl- and 
the methyl- (3)-4-methyl-5-~-hydroxyethylthiazolium analogues of thia-
mine, and the y-amino-propyl-, the y-phthalimidopropyl- and the 6.-amino-
n-butyl- (3)-4-methylthiazolium analogues of thiamine. All analogues 
were in the form of the usual chloride, bromide, or iodide salts typical of 
thiamine type compounds. 
The effect of three of the analogues, the benzyl- (3)-4-methyl-5-
~-hydroxyethylthiazolium chloride, o-aminobenzyl- (3) -4-methyl-5-~-
1 Doctoral thesis number 877, submitted December 16, 1947. 
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hydroxyethylthiazolium iodide hydroiodide, and the o-aminobenzyl- (3)-
4-methylthiazolium chloride hydrochloride, on the growth of weanling 
rats receiving suboptimal amounts of thiamine was investigated. The 
o-aminobenzyl analogue with the 5-P-hydroxyethyl side chain in the 
thiazole ring was the only analogue showing a definite inhibitory effect on 
the growth of the rats. Definite inhibitory responses were observed for 
this analogue with analogue-thiamine mole ratios from 12.5/ 1 to 400/ 1. 
A slight inhibitory response was observed at levels of 6.25/ 1. The results 
indicate that for the benzyl- (3)-thiazolium type analogues, the ortho 
amino group on the benzene ring, as well as the 5-P-hydroxyethyl group 
in the thiazole ring, are required for an inhibitory analogue. 
The effects of representative compounds among the benzyl and 
alkyl- (3)-thiazolium analogues of thiamine were studied in relation to 
the thiamine and cocarboxylase stimulated growth of the bacterium, 
L. fermentum 36. The growth response in the presence of varying analogue 
concentrations of mole ratios of analogue to thiamine from 1/ 1to10,000/ l 
was measured by the relative turbidities of the test and control suspen-
sions of the bacteria after 17 hours of growth. 
All analogues, benzyl or alkyl, possessing the 4-methyl-5-p-hydroxy-
ethylthiazole nucleus exerted a stimulatory effect on the growth of the 
L. fermentum 36. Theo- and p-aminobenzyl analogues were observed to 
be particularly effective in the stimulation of growth, effecting 50 per 
cent stimulation at mole ratios of analogue to thiamine of 100/ 1. The 
thiazole moiety common to these analogues as well as to thiamine gave a 
50 per cent stimulation at a mole ratio of 250/ 1, indicating that the two 
analogue molecules were exerting a stimulatory effect inherent to the 
analogues themselves. Two analogues containing the 4-methylthiazole 
nucleus were definitely inhibitory toward growth of the L . fermentum 36. 
The o-aminobenzyl- and the y-aminopropyl- (3)-4-methylthiazolium 
analogues were quite effective as growth inhibitors, while the benzyl and 
o-nitrobenzyl analogues exhibited a definite stimulatory action. Blocking 
the amino group of the y-aminopropyl analogue with a phthalimido group, 
or placing the amino group one carbon further away from the thiazole 
nucleus as in the 6.-amino-n-butyl analogue, negated the inhibitory effects 
of the aminopropyl analogue entirely. The importance of the free amino 
group three carbons removed from the thiazole nucleus for the inhibitory 
activity of this analogue has been clearly demonstrated. 
An interesting and rather unique function was shown for the 5-~­
hydroxyethyl group in the o-aminobenzyl analogues in that its presence 
in the o-aminobenzyl-(3)-4-methylthiazolium analogue makes the com-
pound an effective stimulant for the L. fermentum 36, while its absence 
confers on this analogue a definite inhibitory function. 
These active compounds, characteristic of the benzyl- (3)-thiazolium 
and the alkyl- (3)-thiazolium analogues of thiamine, represent new types 
of thiamine analogues that can enter into inhibitory or stimulatory 
relationships with thiamine. The studies made with the additional ana-
logues of these two general groups which showed little or no activity, 
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coupled with the fact that all of these analogues represented marked 
structural modifications of the thiamine molecule, illustrate directly the 
prime importance of certain key functional groups and spatial configura-
tions of the molecules that are necessary for analogue activity, and indi-
rectly add evidence to the importance of these same functional groups 
and spatial configurations for the physiological action of thiamine itself. 
The application of the bakers' yeast fermentation assay for thiamine 
to analogue-thiamine studies was investigated in great detail; however, 
the results indicated that this method of thiamine assay did not lend itself 
to studies of analogue-thiamine relationships. 
SUBSTITUTED PYRIDINE AND QUINOLINE SULFIDES1 
MARY ALYS PLUNKETT 
From the Department of Chemistry, Iowa State College 
In view of the recent interest which has developed in physiologically 
significant sulfur-containing compounds and the importance of hetero-
cyclic nuclei in compounds possessing physiological activity, some pyri-
dine and quinoline sulfides were prepared as potential chemotherapeutic 
agents. 
The first group of compounds prepared were quinoline or substituted 
quinoline sulfides having alkylaminoalkyl side chains. These sulfides 
were made by condensing an active chloroquinoline with a sodium 
alkylaminoalkyl mercaptide; by condensing a sodium quinoline mercap-
tide with an alkylaminoalkyl chloride; or by treating an active chloro-
quinoline with an isothiouronium salt and subsequently decomposing the 
complex with base. The compounds were isolated in most cases as the 
hydrochloride since the free bases proved to be unstable on distillation. 
The compounds synthesized in this group include: 2-quinolyl ~-diethyl­
aminoethyl sulfide hydrochloride, m.p. 192°-193°C.; 2-quinolyl y-diethyl-
aminopropyl sulfide hydrochloride, m .p . 141°-142°; 4-methyl-2-quinolyl 
~-diethylaminoethyl sulfide dihydrochloride, m.p. 216°-217°; 4-methyl-2-
quinolyl y-diethylaminopropyl sulfide dihydrochloride, m .p. 199°-200° ; 
6-methoxy-2-quinolyl ~-diethylaminoethyl sulfide dihydrochloride, m.p. 
168°-170°; 4-methyl-2-quinolyl ~- (N-piperidyl) ethyl sulfide, m.p. 75°-
760; 4-methyl-2-quinolyl ~-(N-morpholino) ethyl sulfide, m.p. 85°-85.5°; 
6-methoxy-4-methyl-2-quinolyl y-diethylaminopropyl sulfide hydrochlor-
ide, m.p. 200°-201°; 4-carboxy-2-quinolyl ~-diethylaminoethyl sulfide 
hydrochloride, m.p. 240°-242°; 6-methoxy-4-quinolyl ~-diethylaminoethyl 
sulfide dihydrochloride, m.p. 219°-220°; 7-chloro-4-quinolyl ~-diethyl­
aminoethyl sulfide dihydrochloride, m.p. 234°-235°; 2-quinolyl ~-hydroxy 
y-morpholinopropyl sulfide dihydrochloride, m.p. 198°-200°; picrate, 
m.p. 171°-172°; 2-quinolyl ~-hydroxy y-piperidylpropyl sulfide picrate, 
m.p. 188°-190°. 
2-Mercapto-6-methoxyquinoline, m.p. 185°-187°, was prepared in 
33 per cent yield from 2-chloro-6-methoxyquinoline and potassium hydro-
sulfide. 
A group of sulfides containing the p-aminophenyl group was pre-
pared. This group contained the following compounds: 2-quinolyl p-amino-
phenyl sulfide hydrochloride, m.p. 226°-228°; 6-methoxy-2-quinolyl 
p-aminophenyl sulfide, m.p. 117°-119°, hydrochloride, m .p. 233°-235°; 
6-methoxy-4-quinolyl p-aminophenyl sulfide, m.p. 145°-146°; 4-carboxy-
2-quinolyl p-aminophenyl sulfide, m .p. 334°. 
2-(~-Chloroethyl)pyridine hydrochloride, m .p. 119°-121°, and 2-
1 Doctoral thesis number 864, submitted August 5, 1947. 
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(y-chloropropyl) pyridine hydrochloride, m.p. 109°-110°, were prepared 
by treating the corresponding alcohols with thionyl chloride. These com-
pounds were used to synthesize the following group by reacting the 
pyridine chloride with the appropriate sodium mercaptide; P- (2-pyridyl) 
ethyl y-diethylaminopropyl sulfide, b.p. 136°-139° / 1 mm.; P- (2-pyridyl) 
ethyl P-diethylaminoethyl sulfide, b.p. 132°-135° / 0.5 mm.; dihydrochlor-
ide, m.p. 156°-158° ; P- (2-pyridyl) ethyl ,p-aminophenyl sulfide picrate, 
m.p. 142°-143° ; y-(2-piperidyl) propyl p-aminophenyl sulfide dihydro-
chloride, m.p. 228°-230°. 
The physiologically active compound benadryl was used as a model 
for the preparation of diphenylmethyl P- (2-pyridyl) ethyl sulfide picrate, 
m.p. 146°-147°, hydrochloride, m.p. 152°-153°, which was made by 
treating a mixture of 2-(P-chloroethyl)pyridine hydrochloride and 
diphenylmethylisothiourea hydrobromide with sodium ethoxide and also 
by treating 2- (P-chloroethyl) pyridine with sodium diphenylmethyl mer-
captide. Diphenylmethyl p-aminophenyl sulfide hydrochloride, m.p. 229°-
2300, was prepared from sodium p-aminophenyl mercaptide and benzo-
hydryl bromide. 
The following group of miscellaneous sulfides was prepared: 
P-diethylaminoethyl y-diethylaminopropyl sulfide dihydrochloride, m.p. 
234°-235°; P-d.iethylaminoethyl P- (N-piperidyl) ethyl sulfide, b.p. 133°-
1350 / 1.5 mm., dihydrochloride, m.p. 235°-237°; P-diethylaminoethyl 
P- (N-morpholino) ethyl sulfide, b.p. 147°-149° / 2.5 mm., dihydrochloride, 
m.p. 199°-201°; y-diethylaminopropyl P-(N-morpholino) ethyl sulfide, b.p. 
142°-145° / 1 mm., dihydrochloride, m.p. 216°-217°; 2-benzothiazyl 
P-diethylaminoethyl sulfide hydrochloride, m.p. 183°-184°; 2-quinolyl 
2,4-dinitrophenyl sulfide, m.p. 160°-161°; 6-methoxy-4-methyl-2-quinolyl 
methyl sulfide, m.p. 104°-105°; 7-chloro-4-quinolyl 2-benzimidazole sulfide 
hydrochloride, m. p. 195°-196 °; 7-chloro-4-quinolyl 2- ( 4' ,5' -diphenylimid-
azole) sulfide dihydrochloride, m.p. 166°-167°; 2-quinolyl 2-thiazolinyl 
sulfide hydrochloride, m.p. 189°-191°. 
None of the sulfides reported has shown any significant therapeutic 
value. 
In addition to the sulfides reported in this work, a group of nitrogen-
containing silanes was made by reacting the appropriate RLi compound 
with silicon tetrachloride or with ethyl silicate. Compounds prepared by 
this method include the following: triphenyl (p-dimethylaminophenyl) 
silane, m.p. 144°-146°, hydrochloride, m.p. 227°-229°; diphenyl[di-(p-
dimethylamino)phenyl]silane, m.p. 180°-181° ; tri(p-dimethylamino-
phenyl)-phenylsilane, m.p. 171°-172°; tetra (p-d.imethylaminophenyl)-
silane, m.p. 234°-235°. 
Triphenyl[2- (5-lithio) thienyl] silane was added to quinoline, to 6-
methoxyquinoline and to 4,7-d.ichloroquinoline to give triphenyl[5-(2'-
quinolyl)-2-thienyl]silane, m.p. 168°-170°; triphenyl[5- (6'-methoxy-
2'-quinolyl)-2-thienyl]silane, m.p. 227°-228°; and triphenyl[5-(4',7'-
dichloro-2' -q uinoly 1) -2-thieny 1] silane, m. p. 200 °-203 °. 
Triphenyl(phenylethynyl)silane, m.p. 95°-96°, was prepared by 
treating triphenyl (ethoxy) silane with phenylethynyllithium. 
AVIAN RESPONSES TO COVER-WATER INTERSPERSION IN 
MARSHES OF CLAY AND PALO ALTO COUNTIES, IOWA1 
MAURICE W. PROVOST 
From the Department of Zoology and Entomology, Iowa State College 
There is some indication that distribution of open water among marsh 
covers is an environmental factor modifying the use of such covers for 
nesting by birds. Information on the various factors determining the 
distribution, constitution, and fragmentation of marsh covers was gath-
ered in the Ruthven Area of Clay and Palo Alto counties, Iowa. This 
information is presented, and a comparative evaluation of these factors 
is advanced. The discussion of each environmental factor is based upon 
a consideration of its interrelationships with all factors in the total 
environment. The relationship of marsh water level to basin topography· 
is stressed as an important matter that has so far attracted little atten-
tion and study. Water depth and muskrat cutting are described as the 
most important natural influences on cover-water interspersion. Inter-
spersion is described as of the maze pattern, created usually by musk-
rats, or as of the ring pattern, created usually by excessive water depths 
for emergent plant survival. 
The influence of cover type, water depth, and cover-water inter-
spersion on nest distribution in marshes is discussed for twenty bird 
species whose nests were found and studied in 1942 and 1947. The largest 
samples were 389 nests of red-winged blackbird (Agelaius phoeniceus 
arctolegus) , 190 nests of yellow-headed blackbird (Xanthocephalus 
xanthocephalus), 143 nests of coot (Fulica a. americana), 71 nests of pied-
billed grebe (Podilyrnbus p. podiceps), 46 nests of prairie marsh wren 
(Telmatodytes palustris dissaeptus), and 45 nests of black tern (Chli-
donias nigra surinamensis). Other species whose nests and nest sites 
were investigated were black-crowned night heron (Nycticorax nycti-
corax hoactli), American bittern (Botaurus lentiginosus), least bittern 
(Ixobrychus e. exilis), common mallard (Anas p. platyrhynchos), blue-
winged teal (Querquedula discors), redhead (Nyroca americana), can-
vas . back (Nyroca valisineria), ruddy duck (Erismatura jamaicensis 
rubida), marsh hawk (Circus hudsonius) , king rail (Rallus e. elegans), 
Virginia rail (Rallus l. limicola), sora (Porzana carolina), Florida gal-
linule (Gallinula chloropus cachinnans), and Forster's tern (Sterna 
forsteri) . 
Factors modifying cover utilization are presented as residing in the 
cover, in the individual bird, and in the bird population. Cover affects 
nest distribution through the character of substrate it offers for nests of 
various structural characteristics. The individual nesting bird affects nest 
1 Doctoral thesis number 880, submitted December 16, 1947. 
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distribution through instincts of homing and gregariousness and through 
its individual demand for type and size of nesting territory. The size of 
the nesting population has much influence on the relative use of the 
different cover types. 
The acreage-use r atio as a measure of cover adequacy is demonstrated 
unsound, chiefly because it overlooks many ecological aspects of the 
cover utilization problem, because it classifies covers on the basis of 
single plant dominants, and because it fails to consider marsh vegetation 
as dynamic. It is believed that classification and evaluation of covers as 
nest substrates must await a more thorough knowledge of the autecology 
of both birds and emergent plants. Marsh management must be premised 
on solid ecological understanding of natural processes. 
Open water within the nesting covers is judged necessary to the 
pied-billed grebe, the coot, and the diving ducks. These are the local 
marsh-nesting birds which normally require open water for activities 
not directly related to the maintenance of a nest. Distance of nest from 
open water is demonstrated an unreliable criterion of open-water require-
ment. The most valid measure of open-water requirement is the correla-
tion of nesting densities with amounts of open water and cover-water 
edge within the marshes. The many marshes within Dewey's Pasture 
were the main source of data in the investigation of this relationship. 
The significance of both intra-specific and inter-specific tolerances 
to distribution of marsh-nesting bird populations is discussed. It is 
proposed that population saturation limits are often set by other influences 
than cover adequacy, and that tolerance or territorial behavior in marsh-
nesting game birds be investigated with a view to reducing, if possible, 
the spatial requirements of individual nesting pairs. 
Cover-water interspersion is described as the function of all the 
environmental factors, physical and biotic, operating in a marsh. As an 
environmental factor itself it is, under natural conditions, inextricably 
involved in the entire factor complex. For this reason, artificial creation 
of open water interspersion, as by blasting, creates an unnatural condi-
tion, for factors such as cover type and water depth, which are impinge-
ments on naturally occurring interspersion, are by-passed. Because of 
this, avian responses to artificial interspersion cannot be adduced from 
avian responses to interspersion resulting from natural processes. It is 
therefore recommended that interspersion, when lacking, be made avail-
able by manipulation of the more basic factors of water level and muskrat 
activity. Only when such manipulation is not feasible is blasting recom-
mended as a technique for creating cover-water interspersion. 
The blasti'ng technique itself was investigated. From the experimental 
dynamiting done in 1939, 1940, and 1941 recommendations for its use 
were drawn up. It is suggested that unless lack of interspersion is the 
only limiting factor in cover utilization, blasting as an improvement will 
be abortive. When indicated, blasting should be done where a hard sub-
strate, preferably sand and coarse gravel, occurs within three feet of the 
surface. The charge of dynamite should be sufficient to penetrate the 
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hardpan. Blasting should be done when the water table is at the surface 
or within four inches of it. Inundation of the excavation during the 
early period of stabilization appears preferable to exposure to air. The 
higher the elevation within the marsh basin the greater depth of exca-
vation will be necessary to preclude emergent plant growth in the area 
it is desired to keep clear. Ditching dynamite of 50 per cent strength is 
recommended where the propagation method of blasting is employed. For 
post-hole shots, 60 per cent Extra dynamite is recommended. The best 
charging method for straight ditches is four sticks of dynamite every two 
feet in two parallel rows of charges four feet apart. A cross-shaped clear-
ing is recommended for opening up the centers of kettle-holes and ponds 
of five to twenty acre size. 
COLLAGEN AND ELASTIN CONTENT OF FOUR BEEF MUSCLES 
AGED VARYING PERIODS OF TIME1 
INEZ PRUDENT 
From the Department of Foods and Nutrition, Iowa State College 
This study was undertaken to test the widely-accepted hypothesis 
that the tenderization observed in beef during storage is due to a chemical 
degradation of collagen occurring post mortem, and to determine the 
elastin as well as the collagen content of the muscles selected. This was 
one phase of a project involving histological, physical, and organoleptic 
tests on beef of different grades. 
Two animals were used for this part of the problem: one, a steer 
of "good" grade, which is the third down the list of United States 
standard grades, and the other, an eight-year-old dairy cow of "cutter" 
grade, which is next to the lowest. The carcasses were allowed to hang 
for twenty-four hours after dressing before the muscles were excised. In 
order to study muscles differing in tenderness, the psoas major or tender-
loin, the longissimus dorsi or "eye" of the loin, the semitendinosus, and the 
biceps femoris were chosen. Each muscle was cut into three roasts, 
except the longissimus dorsi, which was cut into two portions before 
being divided into six roasts. The anterior portion was designated longis-
simus dorsi-ribs and the posterior portion, longissimus dorsi-loin. The 
roasts from each muscle were stored 1, 2, 5, 10, 20, or 30 days, according 
to a plan which made statistical analysis of the results possible. They 
were stored uncovered ori enamel trays in the college cooler at 34°-36°F. 
for the allotted period and then carried to the foods laboratory, where 
samples were taken, the roasts were cooked, and the cooked samples 
were removed. The manner of cooking and sampling is described in the 
thesis of Dorothy Harrison, Iowa State College, 1947. The samples fo-r 
chemical analysis were stored at - 30°F . until analysis was made. 
In addition to the collagen and elastin content of the muscle tissue, 
the total-nitrogen content and the dry weight were determined so that 
the final values might be independent of varying water and lipid con-
tent. Since the samples available were small, micro-methods were 
chosen. The dry weight was obtained by drying duplicate 2 to 7 gram 
samples of tissue in a constant temperature oven at 100°-116°C. to 
constant weight. The total-nitrogen content was obtained by determining 
the nitrogen content of the collection of centrifugates removed during 
the collagen and elastin extraction procedure, and combining this soluble-
nitrogen value with the collagen- and elastin-nitrogen values. 
For the determination of collagen and elastin a modification of the 
gravimetric method described by Lowry, Gilligan, and Katersky in the 
1 Doctoral thesis number 885, submitted December 17, 1947. 
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Journal of Biological Chemistry 139: 795 (1941) was chosen. According 
to this method, triplicate samples of tissue weighing from 2 to 4 grams 
(A) were weighed into 50-milliliter round-bottom centrifuge tubes, 
mixed with weighed amounts of fine washed sand, and thoroughly macer-
ated in mortars, then replaced in the centrifuge tubes. Two extractions 
of the soluble constituents were made with 40-milliliter portions of 0.1 N. 
sodium hydroxide, then a distilled water washing in which the pH was 
adjusted to 7. The phospholipids and lipids were removed by extracting 
with a 3: 1 mixture of 95 per cent alcohol and anhydrous ether, and 
then with ether alone. 
After each step in the extraction, the mixture was centrifuged and 
the supernatant liquid was poured off and retained, the ether centrifugate 
alone being discarded. The tube and residue were dried to constant 
weight (B) and then autoclaved with 20 milliliters of distilled water at 
20 pounds pressure for 6 hours to convert the collagen to gelatin. This 
was centrifuged, and the supernatant liquid was retained and later com-
bined with a 20-milliliter portion of wash water, these two portions com-
prising the collagen or gelatin fraction. The tube with the resique was 
again dried to constant weight (C) , after which the residue was extracted 
with 0.1 N. sodium hydroxide for 30 minutes in a boiling water bath to 
remove intracellular proteins remaining, and then washed with 40 milli-
liters of distilled water. The centrifugates were added to the soluble-
nitrogen accumulation. The residue (D) was dried to constant weight 
and calculations were made as follows: 
B - C D 
---- X 100 = percentage collagen, - X 100 = percentage elastin. 
A A 
Nitrogen determinations were made on the gelatin-containing centrifu-
gate, on the elastin residue, and on the combined supernatant liquids by 
the usual micro-Kjeldahl procedure. 
The results were calculated as collagen and elastin percentage as 
well as collagen- and elastin-nitrogen in per cent of total-nitrogen. The 
values differed greatly among themselves due to the difficulty of sampling 
but showed no relation to the duration of storage, ei\her by inspection 
or by statistical analysis. There was a significant difference in collagen 
content between muscles, the psoas major having the least, the longis-
simus dorsi and the biceps femoris being intermediate, and the semiten-
dinosus having the most. The collagen content of animal 1 expressed as 
collagen-nitrogen in per cent of total-nitrogen was as follows: psoas 
major, 1.53; longissimus dorsi-ribs, 2.59; longissimus dorsi-loin, 2.73; 
semitendinosus, 4.39; biceps femoris, 2.23. The cooked samples gave 
values in the same range, but slightly lower values in the longissimus 
dorsi and the semitendinosus. In animal 4 the figures for collagen on the 
same basis and in the same order were: 1.87, 4.69, 4.66, 5.90, and 4.60, 
much higher than in animal 1 in all cases except the psoas major, which 
was only slightly higher. Cooking decreased the collagen values of the 
psoas major and the longissimus dorsi-ribs of animal 4, but the values 
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for the other three were increased. This increase may be due to difficulties 
in sampling or to contamination of the gelatin centrifugate with other 
muscle proteins. 
The elastin values of the four muscles of animal 1, expressed as 
elastin-nitrogen in per cent of total-nitrogen, were significantly different 
in the case of the semitendinosus only and were as follows : psoas major, 
0.288; longissimus dorsi-ribs, 0.337; longissimus dorsi-loin, 0.512; semi-
tendinosus, 4.39; and the biceps femoris, 0.531. For animal 4 the values 
-0n the same basis and in the same order were: 0.412, 0.311, 0.475, 1.65, and 
0.475, which are lower, in general, than those for animal 1, especially in 
the semitendinosus. The elastin values of the cooked samples of both 
animals gave no evidence of an effect of cooking greater than the experi-
mental error. 
This study has shown that the collagen and elastin content of beef 
muscles are not affected by the duration of storage at 34°-36°F. for as 
long as thirty days. The explanation for the increase in tenderness of 
beef muscles during storage must be sought in physical rather than in 
chemical changes in the connective tissue. 
The muscles of animal 4 (which was of inferior grade) had a higher 
collagen content but a slightly lower elastin content than those of 
animal 1. 
There is a significant difference in the collagen content of different 
muscles correlated with their tenderness ratios and the force required 
to shear them. Cooking, however, exerts too small an effect on the collagen 
content to be significant at the 5 per cent level, and none that can be 
detected on the elastin content. 
VIABILITY AND VIGOR OF INBRED AND HYBRID MAIZE SEED 
SUBJECTED TO FREEZING TEMPERATURES1 
El.MER C. ROSSMAN 
From the Departments of Agronomy and Botany, Iowa State College 
During the period 1921-45, there were eight years in which less 
than 90 per cent of the Iowa corn crop matured safely without frost 
damage. Premature killing frosts of 1945 resulted in considerable damage 
to the hybrid seed corn crop. The present investigation was undertaken 
to obtain information on the effects of several factors on freezing injury 
to seed corn. 
Preliminary studies were conducted with air-dry shelled corn soaked 
at 45°F . to various moisture contents and given different freezing treat..: 
ments. Viability of soaked seed was injured more. than of seed with a 
similar moisture content in a freshly harvested condition. Seedling vigor 
of soaked seed was not reduced and there was no increase in percentage 
of weak seedlings as a result of freezing. All of the injured seeds were 
killed outright, suggesting that death may have resulted from intracel-
lular ice formation. It was possible to obtain preliminary information on 
the relative tolerance of inbred lines by soaking and freezing air-dry 
shelled seed. 
Ears with seed containing 65 to 30 per cent moisture were harvested 
from the field and frozen , with and without husks, under controlled 
laboratory conditions intended to simulate typical freezes as they might 
occur in the field. Temperatures of 26°F ., 20°F ., and 14°F . were used 
with exposures of 2, 4, 8, 16, or 24 hours. 
Reduction of seed viability depended on the following factors: 
(a) temperature, (b) duration of exposure, (c) moisture content of the 
seed, (d) variety of seed, (e) rate of freezing, (f) rate of drying after 
freezing, (g) physiological maturity of the seed, (h) husk protection. 
In experiments involving the first four factors, significant interactions 
emphasized the difficulty of making accurate statements about the 
general effect of freezing conditions. It was necessary to consider all of 
the above factors in determining the injury that occurred. Loss of ger-
mination was directly related to moisture content of the seed and duration 
of exposure, and inversely related to temperature. 
Rate of freezing influenced injury principally through an effect on 
the rate of cooling and duration of freezing. Ears that were precooled 
to 35°F. were more severely injured than ears warmed to room tempera-
ture before freezing. Less freezing damage may occur in the field after 
a warm day than after a cool day. Rate of thawing had no effect on the 
viability of frozen seed corn. 
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Rapid drying after freezing was found to have a highly significant 
injurious effect. When frozen seed was allowed to dry slowly after 
freezing, germination averaged 20.3 per cent higher than corresponding 
seed dried in the seed-corn drier shortly after freezing. It may, therefore, 
be advisable to leave seed corn standing in the field for a time after 
freezing, since some recovery may occur with slow drying under field 
conditions. 
Short, repeated freezing and thawing periods of 4 or 8 hours were 
less injurious than a continuous exposure of 24 hours. The first exposure 
was more injurious than subsequent exposures to the same freezing con-
ditions. 
Physiological maturity was measured by the percentage of the 
total dry matter accumulated. Seed at 30 per cent moisture was assumed 
to be physiologically mature and the dry weight of this seed was used in 
determining the percentage maturity at higher moisture contents. Some 
of the differences in freezing injury were explained on the basis of this 
measure of maturity. A higher maturity percentage appeared to be 
related to increased , freezing tolerance when moisture contents were 
similar. 
Inbred lines differed in tolerance of the seed to freezing tempera-
tures. Husk protection was of more value to some inbreds than to 
others. Lines that were tolerant when frozen with husks on the ears 
were also tolerant when frozen without husks, indicating that some of 
the factors responsible for tolerance were associated with the seed 
itself. Tolerance was significantly correlated with seedling vigor and 
with physiological maturity of the inbreds; the more vigorous and 
rapidly maturing lines tended to be more tolerant. The relationship 
of tolerance to seed size was not significant. 
The viability of some single-cross seed was reduced significantly 
more than inbred seed with the same maternal parent. In these cases, 
the hybrid seed tended to be physiologically more immature than the 
inbred seed at the same moisture content. Maternal characteristics of 
the seed were found to be relatively more important than embryo con-
stitution. Where early frosts are a hazard in hybrid seed corn production, 
it appears that frost damage to seed viability may be reduced by using the 
more tolerant parent as the female parent, provided the two parents are 
of approximately the same maturity as measured by moisture content of 
the seed. 
Freezing injury was greater in 1947 than in 1946, with the same 
varieties frozen at similar moisture contents. Hot dry weather during 
maturation of the seed in 194 7 facilitated more rapid drying of the seed 
on the ear, so that, while the seed contained a similar moisture content 
when frozen in the two years, the 194 7 seed was at a more immature 
stage of development and more susceptible to injury. 
Germination of frozen seed was more rapid than of unfrozen seed, 
indicating that freezing temperature had an effect in breaking the dor-
mancy of freshly harvested seed. When the seed had been dried to 
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approximately 9 per cent moisture, there was no difference in rate of 
seedling emergence. 
Green weight of seedling tops from frozen, immature seed was 
generally reduced, and there was a larger percentage of weak seedlings 
than in unfrozen seed. Injury due to both intercellular and intracellular 
ice formation was postulated. There was no significant difference between 
the yield of corn grown from frozen and unfrozen seed when approxi-
mately equal stands were obtained. 
TOXICITY OF AZOBENZENE AND CERTAIN 
RELATED COMPOUNDS TO INSECTS1 
SILAS s. SHARP 
From the Department of Zoology and Entomology, Iowa State College 
More than a century elapsed between the first preparation of 
azobenzene and the discovery of its insecticidal properties a decade ago, 
and only in the past two years has it achieved extensive use. This investi-
gation was undertaken for the purpose of making a comparative study 
of the toxicity of azobenzene and certain related compounds and to 
investigate the method of action of azobenzene on insects. 
Larva~ of the housefly (Musca domestica Linn.) were used as the 
test insects in comparing the toxicity of twenty-four azo and related 
compounds. An effective method of mixing the chemical agents with 
the larval food medium is described. 
As a result of screening tests, the following compounds were found 
to be nontoxic to housefly larvae at a concentration of two grams per 
100 grams of food mixture: 2-amino-5-azoanisole, benzeneazoresorcinol, 
benzidine, Chrysoidin R, Congo red, p-dimethylaminoazobenzene hydro-
chloride, p-dimethy laminoazopheny larsonic acid, 4,4' -dinitroazoxyben-
zene, orange II, and Sudan III. ' 
Azobenzene and nine other compounds were selected for detailed 
comparative testing. The data obtained were treated statistically and 
dosage-mortality lines computed. Inspection of the results revealed the 
order of toxicity of the compounds to be: phenylhydrazine, diazoamino-
benzene, semicarbazide hydrochloride, phenylhydrazine hydrochloride, 
hydrazobenzene, azoxybenzene, azobenzene, hydrazine, p-aminoazoben-
zene, aminoazoxylene hydrochloride. 
The American cockroach (Periplaneta americana Linn.) and house-
fly larvae were used in studying the toxic action of azobenzene. The 
poison was administered to fly larvae by mixing it with the rearing 
medium. Cockroaches were allowed to remain in contact with the 
powdered toxicant until death ensued. 
Cockroaches with mouthparts sealed with cellulose acetate died 
when dusted with azobenzene, demonstrating that the material acts 
mainly as a contact poison by direct penetration of the integument. It 
was shown that any alimentary action is slight. 
Fly larvae placed in contact with azobenzene-treated food assumed 
a lemon-yellow color; if exposed to lethal doses of the compound, they 
gradually became inactive and died in an extended position. Cockroaches 
maintained in contact with azobenzene became quiescent, usually falling 
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over on their backs and succumbing to the poison in 24-40 hours. The 
nymphs were notably more resistant than the adults. 
The yellow color of. the metabolic decomposition products of azo-
benzene was of value in locating them in the insect body. Dissection of 
treated fly larvae revealed that the bright coloration was due to pigmented 
substances present primarily in the fat body and hemolymph, and to a 
lesser extent, in the alimentary canal and probably the Malpighian 
tubules. Internal examination of poisoned cockroaches disclosed that 
the yellow breakdown compounds were restricted to the hemolymph, 
parts of the alimentary canal, the fat body, the Malpighian tubules, 
and in the female imago, developing eggs. 
Cockroach tissues were extracted with various solvents in order 
to remove decomposition products of azobenzene which might be present. 
The different methods of extraction are discussed. 
During passage through the integument, azobenzene is changed to a 
water-soluble derivative which is carried by the hemolymph to the 
Malpighian tubules for slow excretion. Continued exposure to azoben-
zene results in the water-soluble derivative entering the hemolymph 
more rapidly than it can be excreted by the Malpighian tubules. When 
this level is reached the excess substance is absorbed by the fatty tissues 
of the insect and stored there pending excretion. Death apparently occurs 
when both the hemolymph and the fat cells have reached the saturation 
point for the toxicant or its metabolic decomposition products. 
POTASSIUM FIXATION IN SOILS AS AFFECTED BY TYPE 
OF CLAY MINERAL, MOISTURE CONDITIONS,' AND 
CONCENTRATION OF OTHER IONS1 
GEORGE STANFORD 
From the Department of Agronomy, Iowa State College 
Many soils fix large amounts of potassium in nonexchangeable form 
when dried following the addition of potassium. This fixation which 
occurs on drying has been studied quite extensively, and certain 
mechanisms have been advanced to account for the ~fleet due to drying. 
The reversion of potassium to difficultly soluble forms under moist 
conditions has also been noted in certain soils, but the process by which 
this occurs has not been clarified. The present investigation is a study 
of the fixation of potassium urider moist conditions and on drying in 
certain soils and in the clay minerals, montmorillonite and illite, 'known 
to occur in these soils. From these studies it was possible to determine 
that secondary micaceous minerals are responsible for the rapid fixation 
of potassium under moist conditions in certain calcareous soils. More-
over, it was shown that the fixation which proceeds slowly in acid soils 
under moist conditions upon addition of potassium is concerned also 
with this type of mineral. 
Investigations of various factors which affect the amount of potassium 
fixed under moist conditions by illite have made it clear why fixation 
proceeds slowly, if at all, in acid soils and takes place rapidly in certain 
calcareous soils. In acid illite, iron and aluminum ions present in certain 
lattice positions greatly restrict entrance of K, and hence little or no 
fixation occurs under moist conditions. Precipitation of these aluminum 
ions as Al (OH) 3 or as AlP04, or the formation of a soluble complex 
with fluoride ions greatly increased the amounts of potassiuµi fixed by 
electrodialyzed illite under moist conditions. That precipitation of AlP04 
was of primary concern in bringing about the increase in fixation on 
addition of phosphate was shown by the fact that phosphate exerted an 
effect only in the pH range where precipitation occurs. The greater the 
amount of aluminum removed by complex formation with fluoride, the 
larger was the amount of potassium fixed. 
When an acid-washed Webster soil, formerly calcareous, and no 
longer capable of fixing K under moist conditions, was treated with 
NaOH to raise the pH back to its former level, the capacity to fix potas-
sium under these conditions was partially restored, although addition of 
phosphate or fluoride exerted no effect. This indicated that hydrogen 
ions as well as aluminum ions may inhibit potassium fixation in acid 
soils containing micaceous minerals. Rapid fixation of potassium in 
certain calcareous soils under moist conditions is explained by the fact 
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that the micaceous minerals in these soils contain calcium, magnesium, 
and sodium ions in positions which are potentially capable of fixing 
potassium. Upon addition of potassium, these ions are easily replaced-
much more readily than hydrogen, aluminum, or iron ions-and maximum 
fixation is attained within a 48-hour period. 
Whether or not the addition of lime or phosphate fertilizer to a soil 
will bring about increased fixation of potassium is dependent to a con-
siderable extent on the types of clay minerals present. Thus, while these 
amendments increase fixation in illite clay either un.der moist conditions 
or on drying, they decrease fixation of potassium by montmorillonitic 
clay. Failure to recognize the differential responses of these two minerals 
to the treatments noted has given rise to some confusion as to the effects 
on potassium fixation which are to be expected when soils are limed or 
phosphated. Results obtained in this investigation with clay minerals 
are directly applicable in reconciling certain conflicting results reported 
in the literature dealing with the influence of lime and/ or phosphate 
on fixation of potassium in soils. 
Addition of diethylamine-HCl to montmorillonite reduces almost 
to zero the capacity for fixation of potassium on drying; however, this 
reagent had little or no effect on the amount of potassium fixed by illite 
on drying. These results and other evidence obtained suggest that spatial 
limitations must be considered in interpreting the effects of large 
molecules or ions on fixation of potassium by these two types of minerals. 
Relatively large molecules or ions apparently have free access to the 
interplanar spaces of expanding lattice type minerals, but evidently do 
not penetrate the lattice structure of illite. 
Illite fixes appreciable amounts of potassium under moist conditions 
when the pH is adjusted to near neutral or above. Considerably greater 
quantities are fixed when the mineral i~ dried. On the other hand, mont-
morillonite fixes no potassium under moist conditions, irrespective of 
pH, but fixes large quantities on drying, particularly at low ,pH values 
( 4-5) . Thus the fixation which occurs under moist conditions in soils 
is primarily due to minerals of the micaceous type, while that which 
takes place on drying is due to both major clay mineral types capable 
of fixing potassium, namely, montmorillonite and illite. Fixation of 
potassium under moist conditions in illite (pH 8.3) and in two calcareous 
Webster soils reaches maximum values at relatively low concentrations 
of added potassium. However, fixation on drying continues to increase 
as larger amounts of potassium are supplied. The possibility that fixation 
under moist conditions occurs in the more accessible positions at the 
edges of mica crystals is suggested as the chief reason for the limited 
capacity for fixation of hydrated potassium ions under these conditions. 
The calcareous Webster soils which fix large quantities of potassium 
under moist conditions also are capable of fixing ammonium ions. These 
ions are fixed by the same mechanism. This was demonstrated in various 
ways. For example, it was shown that there was a correlation between 
the capacity for fixing potassium and ammonium in several soils. More-
82 G. STANFORD 
over, if ammonium was fixed, the capacity for subsequently fixing potas-
sium was correspondingly reduced. In a similar manner, fixation of potas-
sium reduced the capacity for fixing ammonium by an amount approxi-
mately equivalent to the quantity of potassium previously fixed. 
AN ECOLOGICAL STUDY OF THE MINNOWS OF THE 
DES MOINES RIVER, BOONE COUNTY, IOW A1 
WrLLIAM CHARLES STARRETT 
From the Department of Zoology and Entomology, Iowa State College 
During 1946 and 194 7 an ecological study was made of the minnows 
(Cyprinidae) of the Des Moines River and smaller streams in Boone 
County, Iowa. In the course of the investigation 721 collections in the 
Des Moines River and 100 collections from smaller streams were made 
with 10-, 20-, and 30-foot common sense minnow seines and with wire 
~~. I 
A total of fifty-three species are known to occur in Boone County. 
The southern channel catfish, Ictalurus lacustris punctatus (Rafinesque), 
and carp, Cyprinus carpio Linnaeus, are the only abundant food fishes in 
the river. The spotfin shiner, Notropis spilopterus (Cope), and south-
western sand shiner, Notropis d. deliciosus (Girard), are the most abun-
dant species of minnows occurring in the Des Moines. The central big-
mouth shiner, Notropis d. dorsalis (Agassiz), and the northern creek 
chub, Semotilus a. atromaculatus (Mitchill), are the most abundant 
species in the small streams. These minnows also occur in the Des Moines. 
The spotfin shiner is confined in the county to the Des Moines River 
drainage, and a species closely related to it, the redfin, Notropis l. lutrensis 
(Baird and Girard), is limited to the Skunk River drainage system in 
the northeastern part of the county. The number of species of fish was 
found to increase with stream size. Several species of minnows were 
confined in their distribution to the Des Moines River. 
Intolerance to other species is believed to be an important factor 
in the local abundance of the fathead minnow, Pimephales p. promelas 
(Rafinesque). The distribution of the western blacknose dace, Rhinichthys 
atratulus meleagris (Agassiz), is mainly limited to small bluff-creeks 
adjacent to the river where the stream gradient is greater. The hardiness 
of a species to withstand low oxygen and limited space is conside"red an 
important factor in small streams subject to partial drying. In the river, 
habitat preference varied among some spedes with light intensity and 
season. The speckled dace remained in the channel regardless of light 
and season. 
In this investigation 3,033 minnows, representing nineteen . species, 
were examined for food habits and seasonal ·feedmg trends. The ,5potfin 
shiner and some other species feed mainly during the daylight.hours. The 
feeding habits of Des Moines River minnows can be classed into three 
main types. Some have a very specialized diet, others are partially special-
ized, whereas the southwestern sand shiner is quite omnivorous. The 
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specialized feeders have little seasonal change in type of food. These 
specialized feeders are of two types: one feeding on bottom ooze and 
the other on dipterous larvae. The diets of the other minnows are modi-
fied by seasonal changes and availability of foods. Several species tend 
to select foods when a variety of foods is abundant. 
Zooplankton is rather scarce in the Des Moines River. Entomostraca 
were almost entirely limited to late fall, winter, and early spring and 
appeared regularly in the winter collections when they composed 5 per 
cent of the plankton on the basis of count. These organisms are taken 
rather frequently in winter by most minnows. The scarcity of ento-
mostraca in late spring and summer is believed to be a limiting factor 
to some fishes, including the yellow pikeperch, Stizostedion v. vitreum 
(Mitchill), western golden shiner, Notemigonus crysoleucas auratus 
(Rafinesque), and common emerald shiner, Notropis a. atherinoides 
(Rafinesque). Plankton, other than entomostraca, is of little direct import-
ance to the minnows. 
The bottom ooze in the Des Moines is an important food item for the 
brassy minnow, Hybognathus hankinsoni (Hubbs), bluntnose minnow, 
Hyborhynchus notatus (Rafinesque), central stoneroller, Campostoma 
anomalum pullum (Agassiz), and southwestern sand shiner. The latter 
species tends to use the bottom ooze as supplementary food when the 
availability of other foods is reduced. During high-water the bottom ooze 
is greatly reduced and this reduction may be of some importance in 
limiting the survival of the young bottom ooze feeding fishes . 
Germinated seeds of Salix species are taken by all the minnows 
except the bottom ooze feeders in early summer. These young seedlings 
served to supplement the diminished food supply through the high-
water periods in early summer of 1946 and 1947. Filamentous algae are 
only occasionally taken by most minnows. Seeds occurred regularly in 
the bullhead minnow and only occasionally in other minnows. 
The small adult terrestrial insects were taken by minnows more in 
the fall than at other seasons. The increased feeding on terrestrial insects 
in the fall season seems to be associated with the abundance of these 
insects and with the reduction of Ephemeroptera nymphs and Trichoptera 
larvae. 
Throughout the year aquatic nymphs and larvae form an important 
part of the diet of those Des Moines River minnows which are not 
strictly bottom ooze feeders. The Ephemeroptera nymphs and Trichoptera 
larvae comprise much of the summer diet. In winter and early spring 
dipterous larvae formed a large part of the diet of ten of the common 
minnows. 
Severe interspecific competition for food was not thought to exist 
among the minnows during the course of this investigation. Although 
some competition possibly existed in the winter of 1946-4 7 for dipterous 
larvae, it appears that other compensating foods and diversified feeding 
habits of the minnows reduced the competition to a minimum. 
The abundant species of minnows in the Des Moines River are late 
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.spawners. Low-river stage in late summer probably favors the late 
spawning species. 
Of the twenty-two species of minnows in the Des Moines River some 
are rare while others are the most abundant fishes in the river. This 
population is dynamic, and the responses to the environment depend 
upon the requirements of the individual species. Several consecutive 
years of low-river stages in the spring and early summer, followed by 
high-river stages later in the summer, could have a serious effect on the 
present abundant species and would tend to favor greater production of 
the early spawners. Based on a fifteen-year average of river stages, 
there seems to be little possibility of such a condition continuing over a 
long period, and the return of the river stages to the average would again 
favor the now abundant species. The total population of the minnows in 
the Des Moines River could remain somewhat constant with great 
changes in the relative abundance of its composite species. 
PHOTOPERIODIC RESPONSES OF MAIZE1 
ROBERT 0. THOMAS 
From the Department of Botany, Iowa State College 
Unusual growth responses often result from the introduction of maize 
from widely separated regions, especially when large changes of latitude 
are involved. Many of these are responses to a change in length of day, and 
may cause a serious problem for plant breeders attempting to utilize 
maize from different latitUdes for hybridization. 
When moved north to longer days during June at Ames, Iowa, many 
lines of corn collected in Guatemala and other Central and South 
American countries grow to abnormal heights and fail to tassel or shed 
pollen before the advent of shorter days in September and October. In 
contrast, adapted maize sheds pollen at Ames about August 1. When 
crosses between such extremes are desired, special treatments are re-
quired. 
In the present study, field treatments of short-day induction were 
applied during the formative period to corn from various latitudes to 
determine the variation in and degree of response to different lengths of 
day. Field responses were obtained on an individual plant basis and 
included determinations of the presence or absence of fl.oral primordia 
immediately following photoinduction, or of the time of subsequent 
flower response in tassel emergence, pollen shed, and silking, and of 
the number of nodes present at the end of the growing season. Chemical 
analyses of carbohydrate and nitrogen fractions of the plants were made 
from samples taken at the end of the induction period. Parallel experi-
ments were run in the greenhouse during the winter months, utilizing 
the naturally short days of that season in comparison with a photoperiod 
extended by means of artificial illumination.' One experiment was carried 
out to test the possibility of hastening flower response by application of 
synthetic growth substances. 
Covering young corn plants in the field with light-proof boxes to 
shorten the day to eleven or twelve hours during June or July hastened 
the appearance of fl.oral primordia in most Central American corns and 
accelerated the flowering of all lines tested, even of early Iowa corns. 
Marked differences in number of nodes were observed on Central 
American lines. 
Shading the plants for four weeks, beginning four weeks after seed-
ling emergence, was the most successful of the treatments applied. The 
gain in one Guatemalan corn was thirty-one days in time of first pollen 
shed. When given a four-week photoinduction period in Iowa, two of 
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t he Guatemalan corns shed pollen three or four weeks earlier than 
occurs normally at the high altitudes and lower temperatures of their 
native habitats in Guatemala. Table 1 shows this comparison. 
The very considerable acceleration of flowering response in the 
TABLE 1 
NUMBER OF D AYS F RO M E MERGENCE TO F IRST P O LLEN S H E D BY P LANTS FRO M Two C OLLEC-
T IONS OF GUATEMALAN MAIZE G ROWN AT A MES AND IN GUATEMALA 
Ames Guatemala 
Photoinduction Natural day Natura l day 
Collection 11 hours 13.5- 16 hours 11- 13 hours 
17A-46 . ................ 78 109 100 * 
33A- 46 . ................ 73 95 98(7,500 feet) 
106(8,300 feet) 
• *M ean of three d ifferent plantings. 
treated lines at Ames as compared with that in Guatemala is assigned to 
temperature differences. The mean monthly temperatures during the 
growing season at Ames were approximately 6°C. higher in July and 
10°C. higher in August than the corresponding temperatures in Guate-
mala. 
Of the plants under observation, the percentages showing specific 
flowering response before frost were increased by short-day photoinduc-
tion in each category of tasseling, shedding pollen, and silking. The great-
est differences were in the latter more critical comparisons. These differ-
ences appear in Table 2. 
In many cases silking appeared to be retarded. Since these plants 
were originally adapted in Guatemala to a growing season characterized 
by greater rainfall and lower temperature, it is reasonable to suspect 
that they were growing at Ames under a serious water deficit. With 
such conditions the tassel could outcompete the ear shoots for the avail-
able moisture and reach functional maturity at the expense of the latter. 
Comparisons of carbohydrate and nitrogen fractions indicated no 
outstanding chemical differences which could be attributed to or asso-
ciated with the effects of photoperiod on flowering. This lack of detect-
able chemical differences furnishes evidence that the photoperiodic 
response probably involves one or more specific reactions of the hormone 
type, and therefore cannot be reduced to terms of differences in macro-
chemical constituents. 
Injections of 10 ml. of solution containing concentrations of 1, 10, 
and 100 p.p.m. of naphthaleneacetic or the sodium salt of 2,4-dichloro-
phenoxyacetic acids into young corn plants growing under long days 
did not hasten the formation of flower primordia. 
Collections of maize from various latitudes representing wide dif-
ferences in the day-lengths of the growing seasons. of their original 
habitats have demonstrated marked differences in degree of response to 
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varying photoperiods when grown at Ames. Comparison with pheno-
logical data for certain of the Central American corns in their original 
habitats has indicated that a combination of relatively high temperatures 
with relatively short days furnishes optimum conditions for rapid dif-
TABLE 2 
EFFECTS OF AN ELEVEN-HOUR DAY INDUCTION FOR FOUR WEEKS UPON SPECIFIC FLOWERING 
RESPONSES OF FouR LINES OF GUATEMALAN MAIZE GROWN AT AMEs, IowA, IN 1947. DATA IN 
PERCENT AGES OF PLANTS 
Shedding 
Line Treatment Tasseling pollen Silking 
17A . ... . ... . . . . . . induction 
11-hour 100 96 48 
normal 
13.5-16 hours 4 2 2 
. 
33A ...... . ... . ... induction 
11-hour 92 72 76 
. 
normal 
13.5-16 hours 22 12 6 
39A .. . . . ......... induction 
11-hour 100 64 68 
normal 
13.5-16 hours 26 12 0 
40A ... . .... . .•.. . induction 
11-hour 84 72 60 
normal 
13.5-16 hours 32 16 4 
ferentiation and growth of reproductive structures in the material 
studied. The hypothesis that photoperiodism is conditioned by hormonal 
mechanisms is borne out by the lack of detectable chemical differences 
associated with photoperiodically induced flowering responses. 
INHERITANCE AND INTERRELATION OF SOME AGRONOMIC 
AND CHEMICAL CBARACTERS IN AN INTERSPECIFIC CROSS 
IN SOYBEANS, GLYCINE MAX X G. USSURIENSIS1 
CHARLES ROBERT WEBER 
From the Department of Agronomy, Iowa State College 
An interspecific cross in soybeans was made to obtain additional 
information relative to the segregation, mode of inheritance, manner of 
gene action, components of genetic and environmental variances, herit-
ability, and the interrelations existing among five commercially impor-
tant characters; namely, seed size, maturity date, protein percentage, oil 
percentage, and iodine number of the oil. 
· The wild soybean used, Gylcine ussuriensis, had a procumbent habit 
of growth with long twining stems, small trifoliate leaves, slightly 
ellipsoidal, small, hard, sooty, black seed, early maturity, high protein 
'percentage, low oil percentage, and high iodine number of oil. The 
cultivated soybean used, G. max, possessed characters in contrast to 
those of the wild species. The extent of differences between the two 
species in respect to the characters studied were as follows: G. max was 
ten times larger in seed size, matured 11 days later, was 9.5 per cent 
lower in protein percentage, 13 per cent higher in oil percentage, and 
was twenty-five points lower in iodine number of oil than G. ussuriensis. 
G. max, variety Dunfield, was hybridized with G. ussuriensis, strain 
P. I. 65549, and grown in the same year with the parents, Fi, and F 2 popu-
lation. Seed size in grams per 100 seeds and maturity date were recorded 
on each of 1,628 F 2's, the Fi's, and each of the parent plants. The F 2 
distribution was sampled for seed size at 0.1 gm. intervals. Approximately 
10 per cent of the F 2 population was selected for avaluation of protein 
percentage, oil percentage, and iodine number of oil, and also for progeny 
testing in the F 3 generation. 
In another year the parents, reciprocal Fi's, selected F 3 lines, bulk 
F 2 and F 3 populations, and reciprocal backcross populations, were grown 
in a replicated design. All five characters were recorded on each genera-
tion and parents. The coefficients of variability for seed size and maturity 
date were relatively small, while those for each chemical character were 
unusually small. A high degree of accuracy in the measurement of each 
character was indicated by the relatively small experimental errors. 
Reciprocal Fi hybrids were not shown to be different in any of the 
characters studied, indicating a lack of maternal inheritance. 
Positive skewness of the F 2 and F 3 distributions for seed size was 
obtained. The largest seeded F 2 segregate was approximately one-half 
the size of the larger parent. The distribution possibly indicated that par-
tially dominant factors determined small seed size, although geometric 
gene action was shown for this character. Seed size was correlated with 
1 Doctoral thesis number 910, submitted June 7, 1948. 
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the following characters: moderately negative with protein percentage, 
highly positive with oil percentage, and highly negative with iodine num-
ber of oil. The character was calculated to be 55 per cent heriti;tble and 
conditioned by a large number of major and minor modifying genes. 
Transgressive segregation for maturity date far beyond either parent 
was observed in the F 2 and F 3 distributions. The maturity date distribu-
tions indicated a lack of dominance of genes for this character. Maturity 
date was not associated with any of the characters studied. The nature 
of the gene interaction appeared to be additive for this character. Matur-
ity date gave the highest heritability of 86 per cent, with the smallest 
number of genes. 
Transgressive segregation for high protein percentage was observed 
in the F 2 And F 3 distributions. A partial dominance of genes determining 
high protein content was exhibited in all generations. Protein content 
.appeared to be highly negatively associated with oil content and only 
moderately negatively associated with seed size. The nature of the gene 
interaction for protein content was additive or a combination of additive 
.and multiplicative effects. Protein percentage was shown to be 70 per 
cent heritable. 
The segregation for oil percentage indicated a relatively complex 
type of inheritance. Oil content did not exhibit dominance in any genera-
tion. Oil percentage was correlated with the following characters : highly 
positive with seed size, and highly negative with both protein percentage 
and iodine number of oil. Gene interaction affecting this character was 
largely of the additive type. Heritability of oil percentage was 64 per 
cent and it was conditioned by a relatively large number of genes. The 
data indicated that the oil percentage of the F 1 could be estimated by 
knowing the oil percentage of the parents. 
Inheritance of iodine number of oil was similar to that of oil content. 
There was relativelf little association of protein percentage with iodine 
number. Iodine number of oil was highly negatively associated both with 
seed size and oil content. Iodine number gave the lowest heritability, 
4 7 per cent, of the characters studied. 
Although the inheritance of the characters herein were those of 
an interspecific cross, it was postulated that the basic reaction of the 
polygenes involved in the expression of a character would give a similar 
reaction in a practical soybean breeding program involving crosses of 
cultivated varieties. The magnitude of expression of the character would 
<lepend, of course, upon the diversity of the alleles of the parents. 
FAT METABOLISM IN YEAST1 
ALAN G. c. WHITE 
From the Department of Bacteriology, Iowa Staie College 
The synthesis of fat from acetate by Saccharomyces cerevisiae, 
according to the procedure first described by Smedley-MacLean and 
Hoffert (1923), has been confirmed. Consistent increases of about 110 
per cent in the fat content of the metabolizing yeast have been obtained. 
The increases have been brought about by suspending 24-hour yeast 
cells in 25 volumes of a medium composed of 0.025 Mor 0.25 M phosphate 
buffer with acetate as the sole source of carbon. A nitrogen source is 
absent; hence, little or no growth of the yeast is obtained. The resting cells, 
however, will carry out many normal metabolic processes. 
Vigorous aeration of the medium was carried out by passing C02-
free air through one-inch alu:µdum balls placed at the bottom of the 
flasks in which the organisms were suspended. The air was bubbled 
through the suspension of cells at a rate of approximately one-half 
volume per minute. 
Optimum conditions for the synthesis of fat have been found to be 
a pH between 6.5 and 7.5, an acetate concentration not greater than 
0.1 M, cells approximately 24 hours old, and an aeration time of not 
over 48 hours. All experiments were conducted at 30°C. The effect of 
temperature has not been studied. 
Dried or lyophilized cells which are often used for enzymatic 
studies do not synthesize fat to the same extent as fresh cells under the 
conditions given above. 
The fresh yeast has been shown manometrically to slowly oxidize 
acetate and gives an R. Q. of 1.0, which indicates a complete oxidation 
of the substrate to C02 and H 20. It was calculated that about one-half 
of the acetate would be utilized by 12 gm. wet weight of yeast cells in 
a 24-hour period.' Determinations of the residual acetic acid indicate 
that even after 48 hours traces of the acid are present. The acid was 
qualitatively and quantitatively identified, according to the procedure of 
Osburn, et al. (1936). 
It has also been shown by determination of the carbohydrate before 
and after aeratiQn in the presence and absence of acetate that the added 
compound has a sparing action on the cellular carbohydrate. Less car-
bohydrate was utilized during the same aeration period by cells sus-
pended in the acetate solution. 
The fat, and fatty acids derived from the fat, synthesized during a 
48-hour "resting" cell period have been shown to contain part of the 
C13 present originally in the carboxyl group of sodium acetate prepared 
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by the Grignard procedure and neutralized to pH 7.2 with NaOH. The 
isotope, which was originally present in a concentration of 4.33 per cent 
excess in the carboxyl carbon, was present in the fatty acids in such 
concentration as to warrant the conclusion that the entire increase in 
fatty acid was synthesized from the added acetate. C13 from the acetate 
was also found in positions 3 and 4 of the glucose derived from the 
yeast carbohydrate. A similar situation obtains in animal tissue (Wood, 
et al. , 1945). 
An indirect proof of utilization of the intact 2-carbon chain of 
acetate for fatty acid synthesis has been given. Duplicate experiments 
were set up, one of which contained labeled acetate plus normal NaHC03, 
the other normal acetate plus labeled NaHC130 3. On fractionation and 
isotope analysis of the constituent parts of the yeast it was found that 
the fat and fatty acids of the NaHC130 3 experiment did not contain the 
isotope. The carbohydrate fractions of both contained C13 in identical 
positions in the glucose molecule. This experiment indicates that C130 2 
from the labeled bicarbonate did not exchange with the acetate molecule 
during fatty acid synthesis. Since acetate had previously been shown to 
be oxidized only to C02 and water, the intact 2-carbon unit must have 
been used as a unit for synthesis. As further proof that exchange did 
not occur through C02 , the residual acetate, isolated from the experi-
ment with labeled NaHC130 3, contained no excess of C13. 
The role of acetaldehyde and acetyl phosphate as the 2-carbon 
intermediate ill fatty acid synthesis has been examined. It was found 
that while sodium bisulfite is able to bring about a decrease in fatty acid 
synthesis, dimedon, another keto-fixative, is not. It has been suggested 
that this effect is due to impermeability of the cell wall to dimedon. By 
the use of sodium bisulfite as a fixative in microrespirometer experiments, 
an increase in acetaldehyde was observed. When calculated on a basis 
equivalent to the wet weight of yeast used in the large scale experiments, 
the acetaldehyde formed is sufficient to explain--the increase in fatty 
acids. 
Acetyl phosphate has not been found as an intermediate during the 
oxidation of acetate. The two methods of Lipmann anq Tuttle (1944-45) 
have been used for its detection. Both gave negative values. It has been 
proposed, therefore, that acetaldehyde is the most likely 2-carbon com-
pound for fatty acid synthesis from both acetate and carbohydrates. 
A mechanism for fatty acid synthesis based upon an earlier scheme of 
Raper (1907) has been outlined. This outline has been proposed as the 
most plausible explanation of the known facts concerning fatty acid 
synthesis. 
Several suggestions for future work on the problem have been given. 
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THE PREPARATION AND REACTIONS OF THE CHLOROMETHYL 
ETHER OF 2,3-BUTANEDIOL MONOACETATE1 
ERNEST L . WIMMER 
From the Department of Chemistry, Iowa State College 
Several microorganisms are known to produce 2,3-butanediol in 
good yield when grain mashes are fermented. A major problem which 
has prevented this fermentation from becoming of industrial importance 
has been the difficulty in recovering the slightly volatile, water-soluble 
. glycol from the large amount of dissolved solids and suspended material 
in the fermented beer. Senkus2 added formaldehyde and an acid catalyst 
to the beer and distilled, at 78°-84 °C., the azeotrope of 4,5-dimethyl-1,3-
dioxolane and water and then recovered the 2,3-butanediol from the 
dioxolane by methanolysis. By this procedure 4,5-dimethyl-1,3-dioxolane 
is more readily available than 2,3-butanediol. The work here reported 
was undertaken to develop new derivatives of the dioxolane which 
could be ob1ained in good yield and might have value in the chemical 
industry because of their specific properties. 
By reaction of acetyl chloride and 1,3-dioxolanes under proper 
conditions, Gr esham3 obtained the highly reactive chloromethyl ethers 
of glycol monoacetates. The chloromethyl ether of 2,3-butanediol mono-
acetate (2-chloromethoxy-3-acetoxybutane) was prepared from 4,5-
dimethyl-1,3-dioxolane in this study, and some of its many derivatives 
were prepared. 
PREPARATION OF 2-CHLOROMETHOXY- 3--ACETOXYBUTANE 
meso-4,5-Dimethyl-1,3-dioxolane was prepared by a modification of 
Senkus' method in 87-90 per cent yield from meso-2,3-butanediol. This 
was cleaved by acetyl chloride to give 89 per cent of the theoretical yield 
of 2-chloromethoxy-3-acetoxybutane, b.p. 63.5°-64.5° (2 mm.) , d125 1.0975, 
n 0 25 1.4335. A catalyst was necessary and orthophosphoric acid was found 
satisfactory. Formaldehyde and hydrogen chloride were liberated when 
the compound was hydrolyzed in the cold. 
2-Chloromethoxy-3-acetoxybutane was also prepared by the reaction 
in carbon tetrachloride of erythro-2,3-butanediol monoacetate, trioxy-
methylene, and anhydrous hydrogen chloride. Purification by distillation 
of the compound produced by this procedure was difficult. The erythro-
2,3-butanediol monoacetate was prepared from meso-2,3-butanediol and 
acetic acid and its purification by distillation was also very difficult. The 
' Doctoral thesis number 909, submitted June 7, 1948. 
2 Ind. Eng. Chem., 38: 913--16 (1946). 
' U. S. Patent 2,377,878, June 12, 1945. Chem. Abst., 39: 4097 (1945). 
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over-all yield of 2-chloromethoxy-3-acetoxybutane by this method was 
poor. 
REACTIONS OF 2-CHLOROMETHOXY-3-ACETOXYBUTANE 
A series of 4-acetoxy-3-methyl-2-oxapentyl esters (CH3CH (OAc)-
CH (CH3 ) OCH~OOCR) was prepared by the reaction of 2-chloromethoxy-
3-acetoxybutane and the sodium salts of carboxylic acids. Compounds 
prepared, physical properties, and yields were: acetate, b.p. 72°-73.5° 
(1.5 mm.), n 0 25 1.4200, 85.6 per cent; benzoate, b.p. 143°-145.5° (1 mm.) , 
d425 1.1135, n 0 25 1.4889, 79.8 per cent; adipate, b.p. 210°-213° (0.5 mm.), 
d.i25 1.1094, n 0 25 1.4458, 76.2 per cent; stearate, m.p. 36°-37° , 41.3 per cent 
(crude yield) . The stearate was a colorless wax. The other compounds 
in the series were colorless, almost odorless oils. An attempt to produce 
the phthalate failed because the product could not be distilled above 
200° without decomposition. 
The reaction of carboxylic acid anhydrides and 2-chloromethoxy-
3-acetoxybutane was a new type reaction. The products were the 
4-acetoxy-3-methyl-2-oxapentyl ester and the acyl halide corresponding 
to the acid anyhdride used. The reaction was effected by continuously 
distilling out the acyl halide as it was produced in the reaction. The 
reaction was only satisfactory when the acyl halide was the lowest dis-
tilling component. The esters prepared, physical properties not previously 
given, and yields were: acetate, 88.5 per cent; n-butyrate, b.p. 82°-85° 
(1 mm.), d425 1.0268, n 0 25 1.4240, 81.3 per cent; benzoate, 52.7 per cent. 
Cuprous cyanide and 2-chloromethoxy-3-acetoxybutane gave 82.3 
per cent of 2-cyanomethoxy-3-acetoxybutane, b.p. 73°-75° (1 mm.), d425 
1.0368, n 0 25 1.4255. The nitrile was hydrolyzed with the calculated amount 
of water and excess sulfuric acid to 2-carboxymethoxy~3-acetoxybutane, 
which was not isolated. When the reaction mixture was treated with 
benzene and di~tilled, the benzene-acetic acid azeotrope was removed. 
The residual product was the lactone, 5,6-dimethyl-2-p-dioxanone, b.p. 
54°-56° (4 mm.) , d42G 1.1130, n 0 25 1.4438. The yield was 83.7 per cent. 
The colorless oil dissolved slowly in water with the formation of acid 
and was relatively stable toward spontaneous polymerization. The mole-
cular weight after four months was 149 (monomer, 130) . Treatment of 
5,6-dimethyl-2-p-dioxanone with aqueous ammonia gave 89.5 per cent 
of 1-methyl-2-hydroxypropoxyacetamide, m.p. 63°-64°. 
When 2-chloromethoxy-3-acetoxybutane was treated with sodium 
alkoxides to prepare a series of mixed formals, the yields were poor 
because the acetoxy-group also was affected by the alkoxide. The sodium 
phenoxides reacted more smoothly. Sodium phenoxide yielded 50.0 per 
cent of 5-acetoxy-4-methyl-1,3-dioxahexylbenzene, b.p. 126°-130° (2.5 
mm.) , d425 1.0652, n n25 1.4828; disodium resorcinate yielded 21.0 per 
cent of 1,3-bis ( 5-acetoxy-4-methyl-1,3-dioxahexyl) benzene, b.p. 183°-
1880 (1 mm.) , d,.2~ 1.0961, n 0 25 1.4710. Yields were low because the com-
pounds polymerized in the still. These two compounds were also poly-
merized by mineral acids to brittle, red resins. 
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A successful method of preparing mixed formals was the condensa-
tion of 2-chloromethoxy-3-acetoxybutane and alcohols in the presence 
of pyridine. The reaction was carried out in chloroform solution which 
provided a homogeneous reaction medium. The chloromethyl ether was 
added dropwise to the solution of the alcohol in chloroform, and pyridine 
was added only as needed to neutralize the liberated hydrogen chloride, 
using methyl red as indicator. The expected 5-acetoxy-4-methyl-1,3-
dioxahexyl-substituted hydrocarbons (CH3CH (OAc) CH (CH3) OCH20R) 
were obtained. The alcohols used and the physical properties and yields 
of products derived were as follows: ethyl, b .p. 46°-49° (1 mm.) , d420 
Q.9737, n 0 25 1.4122, 65.0 per cent; isopropyl, b .p. 55°-57.5° (1 mm.) , d425 
0.9599, n0 25 1.4132, 75.0 per cent; allyl, b .p. 83.5°-85° (5 mm.) , d.i.25 
0.9836, n 0 25 1.4258, 86.0 per cent; n-butyl, b .p. 69°-71° (1 mm.), di 5 
-0.9520, n 0 25 1.4184, 78.4 per cent; cyclohexyl, b.p . 86°-88° (0.5 mm.), 
.d425 1.0007, n0 25 1.4443, 66.8 per cent. Ethylene glycol gave 30.5 per cent 
of the mono-condensation product, 1-hydroxy-2-(5-acetoxy-4-methyl-1,3-
dioxahexyl) ethane, b .p. 94°-95° (0.5 mm.) , d425 1.0706, n0 25 1.4348, and 
40.3 per cent of the di-condensation product 1,2-bis (5-acetoxy-4-methyl-
1,3-dioxahexyl) ethane, b .p . 148°-152° (0.5 mm.), d425 1.0657, n0 25 1.4360. 
Grignard reagents coupled with the chloromethyl ether, 2-chloro-
methoxy-3-acetoxybutane. n-Butylmagnesium bromide yielded 31.0 per 
cent of 2-n-amyloxy-3-acetoxybutane, b.p. 210°-213° (740 mm.) , d425 
0.8971, n 0 25 1.4170. Phenylmagnesium bromide yielded 74.5 per cent of 
2-benzyloxy-3-acetoxybutane, b.p. 94°-96° (0.5 mm.) , d425 1.0224, n0 25 
1.4858. 
HOST-PARASITE RELATIONSHIP OF CHALARA QUERCINA 
AND SPECIES OF QUERCUS1 
RoY A. YOUNG 
From the Department of Botany, Iowa State College 
During the past five years oak wilt has become increasingly impor-
tant in the upper Mississippi valley. Cons41rvationists and foresters recog-
nize wilt as the most serious problem in oak culture in Iowa. Little has 
been reported about the disease beyond the fact that it is caused by the 
fungus Chalara quercina Henry, and is most serious on trees of the red 
oak group. No method has been suggested that would account for the 
invasion and destruction of a fifty to sixty-foot red oak within a period 
of a few weeks. In order to learn more about the action of the pathogen, 
and to develop measures for alleviating its injury and reducing its 
spread, a series of field, greenhouse, and laboratory tests were made on 
the disease. 
In the course of these investigations Cha.Zara quercina was observed 
to overwinter commonly on white and bur oak trees, in stumps of 
diseased trees that had been removed, and occasionally, on red oak 
trees that were infected late in the season. Trees of the white oak group 
were shown to harbor the pathogen for several years. The fungus was 
isolated from all parts of diseased trees except the acorn. Mycelium and 
conidia were observed in xylem vessels of leaf midribs, petioles, and 
stems. 
The manner in which hyphae or conidia are transferred from 
diseased to healthy plants is not known. The disease did not spread in 
a pattern typical of wind blown spore or insect dissemination. Oak wilt 
usually spread from an infection locus to the nearest healthy trees. Sur-
veys of field plots showed the average infection distance to be about 
thirty to forty-five feet in dense to moderate stands. There was little 
difference in susceptibility of red and white oaks to infection. The per-
centage of infected plants in mixed stands was practically identical. Red 
oaks, however, were more rapidly destroyed than white oaks. No dif-
ferences were observed in the incidence of infection of trees of different 
sizes. 
Isolates from seven different species of oak showed no host specificity 
when inoculated into young oaks of twenty-eight species growing under 
greenhouse conditions. Isolates from each species produced typical disease 
symptoms when inoculated into other species. Some variation in cultural 
growth characteristics of the different isolates was observed. 
Isolates of C. quercina grew well over a range from 16° to 28°C. 
with most rapid growth at 22°-26°C. The optimum temperature range 
'Doctoral thesis number 911, submitted June 7, 1948. 
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for spore germination was 25°-30°C. At 25°C. endogenous conidia 
usually were produced from germ tubes of all germinating spores, while 
at 30°C. more than 85 per cent of the spores formed vegetative hyphae 
on germination. 
The pathogen grew well on all complete nutrient media tested. Potato-
dextrose agar and oatmeal agar supported the most rapid and abundant 
growth. The optimum growth on liquid medium occurred at pH 5 to pH 7 
with limits at pH 3 and pH 9. 
Spore germination was completely inhibited by 1 ppm. of malachite 
green, crystal violet, 8-hydroxy quinoline, copper 8-hydroxy quinoline, 
8-hydroxy quinoline benzoate, 8-hydroxy quinoline sulfate, and phenyl-
mercuri triethanol ammonium lactate. Even at 0.1 p.p.m. the 8-hydroxy 
quinoline derivatives were completely inhibitory to spore germination. 
The action of crystal violet, as indicated by tests on mycelial disks, 
was probably fungistatic. Phenylmercuri triethanol ammonium lactate 
and 8-hydroxy quinoline sulfate showed the greatest fungicidal activity 
against Chalara mycelium. Fungus disks were killed by twenty-four-hour 
exposure to both 1000 and 100 p.p.m. of those compounds. 
A metabolic product, which readily induced wilting of tomato and 
oak cuttings, was produced by C. quercina, when grown on a modified 
Richard's solution containing asparagine and yeast extract. Symptoms 
on toxin-wilted oak cuttings were typical of those produced on diseased 
greenhouse oaks. . 
Eradication experiments showed that the pathogen could be removed 
from an area by extreme sanitary measures. Incidence of infection was 
reduced by removal of diseased trees from areas of infection. However, 
the sanitary measures which provided satisfactory disease control were 
entirely too drastic to be of practical value for large-scale control efforts. 
Preliminary infection studies indicate that the pathogen is often restricted 
to the region of symptoms in white oaks. If so, pruning of mildly infected 
white oaks may offer a means of saving individual trees. Pruning of red 
oaks is of no value as a control measure due to the rapid dissemination 
of the organism throughout diseased trees. . 
These studies indicate that the fungus cannot establish itself in 
uninjured stem or leaf tissue. No successful inoculations were obtained 
without first providing a wound entrance for the pathogen. Once estab-
lished in the host, however, the organism spreads rapidly throughout 
the tree. The abundant production of small conidia (2-3 x 4-7µ) provides 
a means of rapid spread in the transpiration stream. Conidia are produced 
most abundantly at 20° to 28°C., a temperature range that prevails during 
the greater part of each summer day in this area. Conidial production 
begins almost immediately following spore germination and continues 
at a rapid rate ·as the fungus develops. Conidia were readily passed 
through sections 0£ red and white oak twigs under suction. 
The toxic substances produced in liquid culture are not specific for 
oak since they wilted tomato cuttings also. The symptoms produced by 
the toxic products are so similar to the ordinary symptoms associated 
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with oak wilt, that there can be little doubt that the toxic substances play 
an important role in disease production. Red, white, and bur oak cuttings, 
when placed in the culture filtrate, produced symptoms typical of green-
house inoculated oaks. It is reasonable to assume, therefore, that the 
resistance in white oaks may be more appropriately attributed to restric-
tion of invasion and growth of the fungus than to specificity of or immun-
ity from the toxin. 

NOTE ON AN INVARIANT OF COMMUTATIVE ALGEBRAS 
B. VINOGRADE 
From the Department of Mathematics, Iowa State College 
Received March 18, 1948 
In a paper on the structure of commutative algebras1 G . Pickert 
studied a complete set of invariants for a wide class of associative com-
mutative algebras with unit element, notably those with radical index 
less than four as well as those in which the radical has a single generator 
over the residue class field ("defect" equal to one). One of his invariants2 
(the rank of [fij]) carries with it the determination of a property we 
call cleavage; that is, the property of being the group direct sum of the 
radical and a semi-simple algebra over the ground field K. It is an 
adequate description in the case of commutative algebras to say that a 
non-nilpotent primary commutative algebra A is cleft if it is an algebra 
over a field (over K) isomorphic to the residue class field modulo the 
radical N. 
It is the purpose of this note to prove that a certain wide class of 
commutative algebras3, which includes types to the cleavage of which 
Pickert makes explicit reference\ is uncleft. Restriction of A to primary 
algebras is of course unimportant and will be assumed hereafter. 
1. As Pickert shows5, the ground field of A can be enlarged to a 
unique maximal separable subfield of A. Hence A / N will be assumed 
pure inseparable over K (K containing the maximal separable field), for 
only then can A possibly be uncleft. 
Theorem: Let A / N be a pure inseparable field6 expressible as 
K (C1, · · · ,C 0 ), where each residue class Ci is represented by an element 
ci in A having g;ri as its minimum function, where g; = x Pei - k; is irre-
ducible over K, ki in K , e; > 0, p the characteristic of K , and ri > 1. Then 
A is uncleft if either (1) g; (c;) =;~ 0 mod NPe1 for some i, or (2) the index 
of N is less than or equal to the greatest of the pei. 
Proof: Assume that A is cleft. Then A / Nvei is cleft. Represent the 
latter by A = K (ci, ·· ·,cu). If condition (1) holds then g;•, s > 1, is the 
minimum function of Ci for at least one i. Write g and c for brevity. The 
cleavage of A and the lack of non-trivial automorphisms in A / N , imply 
1 Strukturtheorie der kommutative-associativen Algebren, Math. Ann. Vol. 
116 (1938--39), pp. 217-80, hereafter referred to as Pickert. 
• Pickert, p . 240. 
3 Perhaps the best known special case appears in Deuring, Algebren, Ergebnisse 
der Mathematik Vol. 4 (1935) p . 25. 
•Pickert, p. 272. 
• Pickert, p. 219. 
• A canonical set of generators for pure inseparable adjunction is given by 
Pickert, p. 220, but is not used here. 
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the existence of an element n in the radical of A such that d = c + n has 
g as its minimum function, hence g (d) = g (c) = 0. This is a contradic-
tion, so A is u~cleft. If condition (2) holds, then in A itself there must 
exist an n in N such that d = c + n has g as its minimum function, where 
the subscripts have again been suppressed. This also is a contradiction. 
If in the above theorem N is assumed to be generated by the ci's, 
subject of course to a consistent multiplication table, then condition (1) is 
a consequence of ri > 1 for at least one i. The theorem could thus be 
stated in terms of a necessary and sufficient condition for such algebras. 
2. Polynomial algebras are a noteworthy special case7 that comes 
within the scope of the theorem just proved . For them the cleavage 
property may be expr essed in two ways: 
A. An irreducible polynomial g (x) is separable if, and only if, 
there exists a polynomial h(x) such that g(h[x]) is divisible by g2 (x) . 
B. If F is a field with characteristic p =I= 0, and if a quantity c has 
as its minimum function a power of an irreducible inseparable polynomial 
g (x) with coefficients in F, then the polynomial algebra F (c) is uncleft. 
So any polynomial algebra is cleft if, and only if, every irreducible 
factor in the minimum function of its generator is separable. 
For F ( c) ther e is the characterization that it is uncleft if, and only if, 
there exists in F (c) a non-nilpotent element d such that for no n in N 
does d + n lie in a subfield of F (c). Indeed, assuming F (c) to be uncleft, 
this element may be chosen from possible generators, say c. For if c + n 
were in some field, then there would be an irreducible h (x) such that 
h (c + n) = 0. But this gives h (c) + n' = 0 for n' in N, hence hq (c) = 0. 
That is, c satisfies hq (x) = 0. Hence g (x) = h (x), which is a contradic-
tion. So c + n is in no field, no matter what n. On the other hand, if there 
exists a non-nilpotent d such that d + n is in no field of F ( c), then the 
residue class d will never have a representative in any field of F (c) . This 
is merely another way to say that F (c) is uncleft. In fact we may prove: 
C. If a commutative algebra A (with unit) is a direct sum of simple 
extensions modulo N , then it is uncleft if, and only if, there exists a non-
nilpotent element d such that d + n is in no subfield (over F) of A for any 
n in N. Let I be one of the two-sided ideals (primary) into which A 
decomposes. Then I is a field J modulo N. We need consider only the case 
where I is uncleft. Then there exists d such that F (d) contains a complete 
residue system for J. Clearly d must satisfy an inseparable irreducible 
congruence if I is to be uncleft. If for some n in N (in fact, in the intersec-
tion of I and N) , it were true that d + n lay in a field, then this field would 
be a complete residue system, hence I cleft. 
These results will naturally be compared with the so-called "Principle 
Theorem of Wedderburn," which states that an algebra is cleft if it is 
separable modulo its radical. For polynomial algebras this theorem states 
a necessary as well as sufficient condition. 
7 Albert, Higher Modern Algebra, p . 247; Pickert, p . 274. 
AQUATIC AND SHORE VEGETATION OF SPIRIT LAKE, 
DICKINSON COUNTY, IOW A1 
WILLIAM F . SIGLER2 
From the Entomology and Economic Zoology Section, 
Iowa Agricultural Experiment Station 
Received April 2, 1948 
A survey of the plants of Spirit Lake, carried on in conjunction with 
the study of the life history of the white bass (Lepibema chrysops), 
was made by the author in 1946. While the white bass of Spirit Lake 
apparently do not feed on plant material, the aquatic flora of the lake, 
n evertheless, has a direct effect on their ecology. The greatest concentra-
ticns of the smaller animals in the food chain-invertebrates, young-of-
the-year, and other small fish-are either on or in the immediate vicinity 
of the submerged rooted aquatics. In the course of this survey, it was 
found that comparatively little data on the aquatic and marginal vegeta-
tion of Spirit Lake were available ; for this reason, it seems desirable 
to place the results of the survey on record. 
LOCATION AND DESCRIPTION OF SPIRIT LAKE 
Spirit Lake, a rich eutrophic lake located in Spirit Lake Township 
in Dickinson County, includes all or part of sections 8, 9, 10, 11, 14, 15, 
16, 17, 20 , 21, 22, 23, 27, 28, and 29. The lake is an inverted L in shape 
with the horizontal arm extending east-west and the vertical arm north-
south. The north-south axis is 4 miles long and the east-west axis slightly 
less than 3.5 miles long. The Spirit Lake watershed lies largely to 
the north of the lake in Jackson County, Minnesota. As indicated on a 
map of Spirit Lake published by the Iowa State Highway Commission 
(1917) , the maximum depth of the lake recorded in 1916 was 27 feet . In 
1946, no depth exceeding 23 feet was recorded when the lake was at the 
outlet level stage3 (U. S. Geological Survey gauge reading 14.2). The 
surface area of water exceeding 20 feet in depth is estimated at 26 per cent 
cf the total 5,684 acres covered. The area between the 8-foot depth 
contour and shore is designated as the littoral zone, and is estimated to 
not exceed 5 per cent of the total acreage in the main body. Whereas the 
' Journal Paper No. J-1529 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 764, and the Industrial Science Research Institute, Project No. 45, 
of Iowa State College; in cooperation with the Iowa State Conservation Commission 
and the U. S. Fish and Wildlife Service. Technical Paper No. 9 of Iowa Cooperative 
Fishery Research Unit. 
' Now with the Department of Wildlife Management, Utah State Agricultural 
College, Logan, Utah, formerly of Iowa State College, Ames, Iowa. 
3 All depths given in this paper are equivalent to the water level elevation at 
the outlet level stage. 
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north-south arm is at present shallower than was indicated by the Iowa 
Highway Commission map of 1917, the east bay is from 2-4 feet deeper 
than the readings given for 1916. During periods of high water, the 
outlet flows into East Okoboji Lake and on through the Okoboji Lake 
chain into the Little Sioux River. An outline map of the lake, including 
the 10- and 20-foot depth contours, is included here as Figure 1. 
The terrain in the vicinity of Spirit Lake is remarkably varied for 
a prairie region. The area around the lake is frequently referred to as 
"Knobby Drift," which suggests a landscape of sharply defined hills 
Little ':ipmt L 
'5unl::en La 
outl•t 
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Fic. 1. Designation of 10-foot and 20-foot contours of Spirit Lake, Iowa. 
either capped with sand and gravel or composed entirely of this material. 
These hills, known as kames, are features of the Wisconsin glaciation. 
Beneath the Wisconsin drift lies blue clay, and beneath that, sand and 
gravel. The entire thickness of the drift and Pleistocene sands and 
gravels probably varies greatly, but may be expected to be at least 250 
feet thick in the vicinity of Spirit Lake. The lake lies in one of the great 
constructional depressions which, according to Macbride (1900), has no 
reference to any drainage system of recent times. The stream valleys of 
Dickinson County are peculiar and varied. As an example, the West 
Fork of the Little Sioux River is a torturous stream still eroding, while 
the East Fork lies in a wide valley, which might easily have formed 
the basin for a large lake. The geology of Dickinson County is discussed 
by Macbride (1900), Carman (1917), and others. The geology of adjacent 
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Jackson County, Minnesota, is treated by Upham (1884). Geologically 
speaking, Spirit Lake is, according to Macbride, relatively young. 
VEGETATION OF THE SURROUNDING REGION 
In a map published by the Iowa State Planning Board (1935) , based 
on data secured in the original land survey 1832-1859, the original forest 
cover of northwest Iowa was confined almost entirely to stream basins. 
Macbride (1900) lists trees typical of an oak-hickory association as 
abundant locally along the east side of East Okoboji Lake and west and 
northwest side of Spirit Lake. The plants collected in 1946 from the 
north and east side of Spirit Lake were typically of the tall-grass prairie, 
while those plants from the northwest side are those often associated 
with oak-hickory forests. Macbride lists as common previous to 1900 
several species of trees, including white ash, black walnut, and red oak, 
which were not collected by the present author in 1946. 
Each species of aquatic plant has its own range of chemical conditions 
under which it thrives best, and within this range of tolerance the local 
distribution is greatly influenced by the type of bottom and the nature of 
the body of water. For example, Moyle (1945) states that in Minnesota 
most of the aquatic plants make their best growth on a mixture of sand 
and organic soil. In writing of the hard-water flora of Minnesota, Moyle 
states that this large and varied group of plants is typical of waters with 
a total alkalinity of 90 to 250 parts per million, with a sulphate ion 
concentration of less than 50 parts per million, and with a summer pH 
of 8.0 to 8.8.4 Moyle found a wide difference in tolerance for many species; 
some hard water species ranged into waters with concentrations of the 
sulphate ion as high as 300 parts per million. This concentration, however, 
seemed to be the upper limit of tolerance for nearly all hard-water species. 
The sulphate ion, according to Moyle, appeared to be more effective in 
limiting distribution than the concentration of carbonate salts. Hard water 
plants of the typical littoral zone of Minnesota are almost identical with 
those found in the littoral zone of Spirit Lake proper (see section on 
aquatic communities and annotated list). 
While numerous plant collections have been made on West 
Okoboji Lake by the staff members and students of the University of 
Iowa, Lakeside Laboratory, and others, relatively few records are avail-
able for Spirit Lake. The algae of Dickinson County were studied by 
Tiffany (1926), Prescott (1931), and Smith (1926). Wylie (1920) reported 
the major vegetation of Lake Okoboji, and Shimek (1897 and 1915) 
reported on extensive collections made in Dickinson County. 
With reference to adjacent counties, a comprehensive study of the 
plants of Clay and Palo Alto Counties was made by Hayden (1943). The 
flora of Emmet County was collected by Cratty over a period of forty 
years and reported in various articles. The Flora of Emmet County written 
• According to a test made April 10, 1947, total alkalinity of Spirit Lake was 
267 parts per million, the sulphate ion concentration was 75.3 parts per million and 
the pH was 8.1. 
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by Wolden (1932) presents a list of 930 plants of which about 800 are 
native. Perhaps no county in the state has been so thoroughly surveyed 
from pioneer times to the present with reference to its native flora as 
Emmet County. 
PLANT COMMUNITIES IN THE SPIRIT LAKE REGION 
The main body of Spirit Lake is dominated by submergent plants, 
which represent an early stage in the hydrosere succession. Of these 
plants, during 1946, Potamogeton richardsonii was the dominant species. 
Another stage of succession, represented by the floating-leaved (partly 
submergent) plants, is found in the sloughs around and attached to Spirit 
Lake, and is represented by Potamogeton natans and Polygonum natans. 
The reedswamp is represented by the quite abundant Scirpus acutus in 
the lake proper, and by Scirpus fluviatilis in Hale's Slough, the water of 
which is uniformly 31/2 feet in depth. 
Tansley (1939) uses the term marsh as .applied to the "soil-vegetation 
type" in which the soil is waterlogged, the summer water level is at or 
near the surface, but normally not much above it, and the soil has an 
inorganic base. The normal summer water level of a swamp, according to 
Tansley's definition, is above the ground surface level. The swamp is 
usually dominated by reeds (Phragmites) or by other tall grasses, sedges, 
or rushes. A body of water of slight depth is considered by Hayden (1943) 
to be a pond. The areas described in this paper as sloughs fit this latter 
definition, except possibly during periods of high water, when they are 
generally considered as part of the main body of the lake. 
The sedge-meadow stage described by Weaver and Clements (1929), 
in which Carex (sedge), Juncus (rush), and Eleocharis (spikerush) are 
the dominant genera, is typical of many sections of the east and north-
east shore of Spirit Lake including Hale's Slough. Elymus (wild rye), 
Beckmannia (slough grass), Leersia (rice cutgrass), Glyceria (manna 
grass), and Ranunculus (crowfoot) growing north of Angler's Bay, just 
over the state line in Minnesota, are typical of the wet-meadow stage. 
The area between the highway and the lake front extending north from 
Marble Beach has plants, other than grasses, which are characteristic 
of prairie climax: Solidago (goldenrod), Verbascum (mullein), and Aster 
(aster); of the shrub stages, Sambucus (elderberry), Ribes (gooseberry), 
and Rubus (raspberry); and of the tree stage of the oak-hickory forest. 
Data on the ecological communities may be conveniently divided 
into two sections: (1) shallow-water and adjacent dry land communi-
ties and (2) aquatic communities. These are discussed here in that order. 
SHALLOW-WATER AND DRY LAND COMMUNITIES' 
Marsh and wet-meadow, south end of Spirit Lake. Water 18 inches 
deep, clear. Area 1.5 acres. A forest derivative, area frequently modified 
by road building and park construction activities. June 4, 1946. 
• Dates given in the description of each community refer to the date when 
specimens were collected or plants listed. 
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SUBMERGENT 
Chara sp. 
Potamogeton zosteriformis 
Utricularia macrorhiza 
EMERGENT 
FLOATING 
Lemna minor 
Lemna trisulca 
Ricciocarpus natans 
WET-MEADOW 
Carex lasiocarpa 
Carex vulpinoidea 
Ranunculus sceleratus Eleocharis calva 
Scirpus validus Scirpus pallidus 
107 
Slough and prairie marsh area at east edge of Hale's Slough, Spirit 
Lake. Water 6 inches deep, 3 feet from shore. Silt bottom. A prairie area 
modified by man and domestic livestock. September 11, 1946. 
SUBMERGENT 
Ceratophyllum demersum 
Najas guadalupensis 
Polygonum natans 
Zannichellia palustris 
EMERGENT 
Scirpus atrovirens 
Scirpus validus 
FLOATING 
Lemna minor 
WET-MEADOW 
Bidens cernua 
Cyperus strigosus 
Echinochloa crusgalli 
Eleocharis calva 
Leersia oryzoides 
Rorippa islandica 
Scirpus validus 
Sparganium eurycarpum 
North of Marble Beach Public Access, oak-hickory association above 
rock beach. Stretch of shore line apparently changed only by the cutting 
of the larger species of trees valuable as lumber. September 18, 1946. 
TREES Sambucus canadensis 
Carya cordiformis Symphoricarpos occidentalis 
Celtis occidentalis 
Crataegus mollis 
Fraxinus pennsylvanica 
Populus tremuloides 
Quercus macrocarpa 
Robinia pseudoacacia 
Tilia americana 
Ulmus rubra 
HERBS 
Asclepias syriaca 
Asparagus officinalis 
Aster finkii 
Aster paniculatus 
Cirsium vulgare 
Lactuca canadensis 
Melilotus alba 
SHRUBS Solidago altissima 
Euonymus atropurpureus Solidago gigantea 
Rhus glabra Verbascum thapsus 
Ribes cynosbati Verbena urticaefolia 
Crandal's Beach area. Oak-hickory association back of sandy beach, 
September 14, 1946. The changes here represent those that generally 
accompany the building of homes. 
TREES 
Prunus virginiana 
Quercus macrocarpa 
Robinia pesudoacacia 
Tilia americana 
SHRUBS 
Ribes cynosbati 
Rosa blanda 
Smilacina racemosa 
Symphoricarpos occidentalis 
HERBS 
Amaranthus retrofiexus 
Carex blanda 
Chenopodium standleyanum 
Elymus virginicus 
Eupatorium rugosum 
Lactuca scariola 
Leonurus cardiaca 
Setaria lutescens 
Urtica procera 
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Crandal's Beach. Area frequently covered by ice during winter. 
Occasionally swept by high waves. Sandy, sloping beach. Changes here, 
from the original condition, are few, except through the influences of 
cutting in the outlying timber. September 14, 1946. 
TREES 
Acer negundo 
Fraxinus pennsylvani.ca 
SHRUBS 
Rhus glabra 
HERBS 
Ambrosia elatior 
Artemisia campestris 
Asclepias syriaca 
Asparagus officinalis 
Chenopodium album 
Erigeron canadensis 
Euphorbia esula 
Euphorbia nutans 
Lactuca scariola 
Melilotus alba 
Mirabilis nyctaginea 
Physalis sp. 
Polanisia graveolens 
Polygonum hydropiper 
Sporobolus cryptandrus 
Taraxacum palustre 
Verbascum thapsus 
Xanthium italicum 
AQUATIC COMMUNITIES 
The location of each community is shown by number and the species 
present in each are indicated on the map in Figure 2. The species are 
listed in order of decreasing mass abundance. In many cases, Potamogeton 
nodosus may be associated with P. illinoensis. 
(1) Hale's Slough to Sandbar Area 
Gently sloping sand-mud to sand bottom. Outer extremity of Scirpus 
acutus 71/z-8 feet deep. Heavy wave action. Moderate to high muskrat 
population intermittently. One beaver colony nearby. 
(2) Sandbar Slough to Angler's Bay 
Sand bottom grading to rock and sand, covered with organic material 
and silt. 
(3) Angler's Bay 
Flat, heavily covered (over sand) organic bottom. Water 2-4 feet 
deep. Protected from wave action, except on the west side which is 
affected by southwest winds. Very dense plant beds. 
(4) Trickel's Slough 
Flat, deep silt and organic material bottom. Water 3112-6 feet deep. 
Slight to moderate wave action. Supports large black bass population. 
Apparently quite attractive to migrating Anatidae. Quite shallow pre-
vious to 1943. 
(5) Northeast Shore 
Gently sloping sand-mud bottom. Shore somewhat rocky. 
(6) North Shore 
Sand Beach. Sand to mud bottom. 
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(7) Inlet Bay 
Silt-organic bottom, water 6 feet deep. Previous to the 1943 rise of 
water, this bay was dominated by emergent plants. Slow current from 
Loon Lake, Minnesota, at times. One beaver colony in 1945, apparently 
abandoned in 1946. 
(8) Buffalo Run 
Rock-gravel shore. Rock bottom out 30-40 yards from shore. 
(9) West Shore 
Sand and rock shore. Sloping sand bottom grading to mud bottom. 
(10) South and Southeast Shore 
Sand shore. Gently sloping sand bottom grading into mud. 
(11) Big Stony Point-Little Stony Point and Red Nose Point . 
Sand to rock-boulder bottom. Water shallow over the points; deep 
around them. 
(12) Jones' Pasture Area ' 
Rocky shore line. Rock to sand and silt bottom. 
(13) Hale's Slough 
A flat slough of approximately 65 acres, connected to Spirit Lake 
proper by a 30-foot channel. Water almost uniformly 31/2 feet deep. Bot-
tom deep mud and organic material. Muskrat population of moderate size, 
one beaver colony, carp and black bass spawning area, migrating water-
fowl abundant. 
ANNOTATED LIST OF PLANTS 
The following list is based on plants collected by the writer, by the 
writer with Dr. Ada Hayden, and from previous Spirit Lake collections 
located in the Iowa State College herbarium. All plants listed here are 
at present in the Iowa State College herbarium. The collections by the 
writer and Dr. Hayden were made from June 1 to September 15, 1946. 
The shore and dry land collections were all taken within a radius of 
one-fourth mile of Spirit Lake. Plants are listed as occurring only where 
they were collected but in most cases their distribution is doubtless more 
widespread in the Spirit Lake region. The list of aquatic plants is 
believed to be much more complete than the list of terrestial plants. 
Identifications of plants were made by the use of various manuals, 
monographs, and floras. Names of plants used in this paper are those 
which are valid under the International Code of Botanical Nomenclature 
(1935) . 
In the determination and verification, assistance was received from 
Dr. Ada Hayden, Department of Botany, Iowa State College. Specimens 
of Potamogeton illinoensis, P. natans, P. nodosus, and P. richardsonii from 
the collection were verified by Dr. E. C. Ogden, Department of Botany, 
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FIG. 2. Aquatic plant distribution in Spirit Lake. 
(1) 
Scirpus acutus 
Potamogeton richardsonii 
Potamogeton illinoensis 
Potamogeton pectinatus 
Myriophyllum spicatum 
Potamogeton natans 
Ceratophyllum demersum 
Potamogeton zosteriformis 
Typha latifolia 
(2) 
Scirpus acutus 
Potamogeton richardsonii 
Potamogeton illinoensis 
Pota.mogeton pectinatus 
(3) 
Myriophyllum spicatum 
Potamogeton pectinatus 
Potamogeton zosteriformis 
Potamogeton richardsonii 
Ceratophyllum demersum 
Potamogeton illinoensis 
Najas flexilis 
Scirpus acutus 
(4) 
Myriophyllum spicatum 
Potamogeton richardsonii 
Ceratophyllum demersum 
Potamogeton illinoensis 
Potamogeton natans 
Najas guadalupensis 
Potamogeton zosteriformis 
Ranunculus flabellaris 
Polygonum natans 
Potamogeton pectinatus 
Scirpus acutus 
Najas flexilis 
Zannichellia palustris 
(5) 
Scirpus acutus 
Potamogeton richardsonii 
(6) 
Potamogeton richardsonii 
(7) 
Potamogeton pectinatus 
(8) 
Scirpus acutus 
Potamogeton richardsonii 
Potanwgeton pectinatus 
(9a) 
Scirpus acutus 
Potamogeton richardsonii 
(9b) 
Scirpus acutus 
Potamogeton richardsonii 
Potamogeton pectinatus 
(lOa) 
Potamogeton richardsonii 
(lOb) 
Potamogeton richardsonii 
Potamogeton pectinatus 
(lla) 
Potamogeton richardsonii 
(llb) 
Scirpus acutus 
Potamogeton richardsonii 
Potamogeton pectinatus 
(12) 
Potamogeton richardsonii 
Potamogeton pectinatus 
Potamogeton illinoensis 
Vallisneria spiralis 
(13) 
Scirpus fluviatilis 
Potamogeton natans 
Ceratophyllum demersum 
Polygonum natans 
Lemna minor 
Myriophyllum spicatum 
Najas flexilis 
Potamogeton illinoensis 
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University of Maine, Orono, Maine. Aid in the preparation of the manu-
script was received from Dr. Duane Isely and Mr. Charles L . Gilly, both 
of the Department of Botany, Iowa State College. 
Div. CHAROPHYTA 
(Characeous plants) 
CHARACEAE (Chara Family) 
Chara contraria A. Br. 
In extensive though not solid stands in water up to 15 feet in depth. 
More abundant on sandy bottoms. Complete range not known. (S&H 51). 
Div. BRYOPHYTA 
(Liverworts and Mosses) 
Class HEPATICAE 
(Liverworts) 
RICCIACEAE (Water Liverwort Family) 
Ricciocarpus na.tans (L.} Corda Purple-fringed Riccia 
Common in pond at south end of Spirit Lake. Water 1.5 feet deep. 
(Sigler 4). 
Div. SPERMATOPHYTA 
Subdiv. ANGIOSPERMAE 
Class MONOCOTYLEDONEAE 
TYPHACEAE (Cat-tail Family) 
Typha latifolia L. Broad-leaved Cat-tail 
Uncommon to common around Sandbar Slough. (S&H 19) . 
SPARGANIACEAE (Bur-reed Family) 
Sparganium eurycarpum Engelm. Large Bur-reed 
Abundant along the south and east side of Spirit Lake in marginal 
areas. (Sigler 61). 
NAJADACEAE (Pondweed Family} 
Najas flexilis (Willd.) Rostk. and Schmidt Slender Naiad 
Rare, growing in water less than 1 foot deep, in Hale's Slough and 
Trickel's Slough (Sigler 31). 
N. guadalupensis (Spreng.) Morong 
Rare. Near shore in Trickel's Slough (Sigler 63). 
Potamogeton amplifolius Tuckerm. Large-leaved Pondweed 
(Cratty, 25,964) "A deep water form." 
P . foliosus Raf. Leafy Pondweed 
Uncommon in the outlet of Spirit Lake (which is subject to violent 
fluctuations and is frequently dry). (Sigler 150). 
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P. illinoensis Morong 
P. lucens of American authors and 
P . augustifolius of Cham. & Schlecht. 
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Common to rare in the main body of the lake, (S&H 5) , uncommon 
in Angler's Bay, Hale's Slough, and Trickel's Slough. (Sigler 42). In water 
from 3-7112 feet deep; mud, or mud and rubble bottom. Often associated, 
and possibly hybridizing, with P. nodosus. Frequently it is near P. richard-
sonii on the deep-water side of the plant bed. 
P. natans L. Common Floating Pondweed 
Abundant in Hale's Slough, (Sigler 50) (S&H 3) , common in 
Trickel's Slough; uncommon between Sandbar and Hale's Slough, rare 
or absent elsewhere in the lake. In water from 3-5 feet deep; mud bottom. 
Usually absent in areas subject to intense wave action. 
P. nodosus Poir. 
P . americanus 'Cham. and Schlecht. 
See Rhodora 45: 123. 1943. 
In Trickel's Slough and elsewhere with P . illinoensis. (S&H 50). 
P. pusiLlus L. 
P. panormitanus Bivona-Bernardi of Fernald. 
Rare in east bay north of Hale's Slough. Growing in water from 2-4 
feet deep. (S&H 6). 
P. pectinatus L. Sago Pondweed 
Very abundant in the bay north of the footbridge and the second 
most abundant plant in Angler's Bay. Scattered sparsely in most areas 
where the water is not over 6 feet deep, but rarely in water less than 2 
feet deep. Growing in mud and sand bottom. (Sigler 29) . 
P. praelongus Wulf. 
(Hitchcock 86,959). 
Whitestem Pondweed 
P. richardsonii (Benn.) Rydb. Clasping-leaved Pondweed 
The most abundant and the most widespread plant in Spirit Lake. 
Growing in water from 2-7 feet deep; forming a band in open water 
and slough areas almost entirely around the lake; mud, mud and rubble, 
and mud and sand bottom. 
(Sigler 37) (S&H 2) . 
P . strictifolius Benn. 
(Hitchcock 12,594) . 
P. zosteriformis Fern. Eel-grass Pondweed 
P . compressus of auths. not L. 
P. zosterifolius of Amer. auth. not Schumacher. 
See Mem. Gray Herb. 3: 36-40. 1932. 
The third most abundant plant in Angler's Bay. (Sigler 49). Common 
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to rare in Trickel's Slough, growing in water from 11/2-4 feet deep, in 
mud and sand bottom. (Hitchcock 12,554). 
Zannichellia palustris L. Horned Pondweed 
Near shore in Trickel's Slough, growing in shallow water, rare. 
(Sigler 67) . 
ALISMACEAE (Water-plantain Family) 
Alisma subcordatum Raf. Water Plantain 
Common along the eastern border of Spirit Lake. (S&H 26). 
Lophotocarpus calycinus (Engelm.) J. G. Smith Large Lophotocarpus 
Very abundant locally at the southeast corner of Marble Lake. 
(S&H 25). 
Sagittaria cuneata Sheldon Arum-leaved Arrowhead 
Abundant along east and northeast side of Spirit Lake. (S&H 27). 
S. latifolia Willd. Broad-leaved Arrowhead 
Common in water one-half foot deep in Hale's Slough. (Sigler 69) . 
HYDROCHARITACEAE (Frog-bit Family) 
Vallisneria spiralis L. Freshwater Eel Grass 
One bed just north of the east edge of Jones' pasture. (S&H 1). 
Growing in open water 5-6112 feet deep, mud and sand bottom. 
GRAMINEAE (Grass Family) 
Alopecurus aequalis Sobol. Short-awned Foxtail 
Common along the northeast side of Spirit Lake near the shallow 
ponds. (S&H 92). 
Beckmannia syzigachne (Steud.) Fern. American Slough Grass 
Uncommon north and east of Trickel's Slough. (S&H 34). 
Echinochloa crusgalli (L.) Beauv. Barnyard Grass 
Common to abundant along the east edge of Hale's Slough. (Sigler 
56) . 
Elymus virginicus L. Virginia Wild-rye 
Abundant in the timber of the northwest side of Spirit Lake. (Sigler 
110). 
Glyceria grandis S. W ats. American Manna Grass 
Uncommon along the northeast border of Spirit Lake. (S&H 36). 
Leersia oryzoides (L.) Schwartz Rice Cutgrass 
Common along the Iowa-Minnesota line north of Angler's Bay. 
(Sigler 55). 
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Setaria lutescens (Weigel) F. T. Hubb Yellow Foxtail 
Common in the timber along the north and west sid.e of Spirit Lake. 
(Sigler 111) . 
Sporobolus cryptandrus (Torr.) Gray Sand Dropseed 
Abundant in the sand along Crandal's Beach. (Sigler 99). 
CYPERACEAE (Sedge Family) 
Carex blanda Dewey Woodland Sedge 
Uncommon along the edge of the timber near Crandal's Beach. 
(Sigler 115) . 
C. lasiocarpa Ehrh., var. latifolia (Bockl.) Gilly 
C. languinosa Michx. 
In small pond at the south end of Spirit Lake. (Sigler 7). 
C. sychnocephala Carey Long-beaked Sedge 
Uncommon north of Sandbar Slough. (S&H 12) . 
C. vulpinoidea Michx. Fox Sedge 
Common around the shallow ponds just south of Spirit Lake. (Sigler 
5). 
Cyperus strigosus L. Straw-colored Cyperus 
sand beaches on the ·north side of Angler's Bay. Abundant on the 
(Sigler 59). 
Eleocharis acicularis (L.) R.&S. Needle Spike-rush 
Common along the eastern border of Spirit Lake. (S&H 14). 
E. calva Torr. Creeping Spike-rush 
Common around the north and east border of Spirit Lake. (S&H 15). 
E. macrostachya Britt. 
E. smallii of Iowa authors. 
E. palustris in part. 
Rare north of Angler's Bay. (S&H 13). 
Scirpus acutus Muhl. ex Bigelow Hard-stemmed Bulrush 
S . occidentalis (Wats.) Chase. 
Abundant in water from 5-7% feet deep around the lake. (Sigler 
33) . Second in acres covered only to Potamogeton richardsonii; frequently 
associated with it. Growing on bottom ranging from rocks to deep mud. 
Attractive to muskrats. 
S. atrovirens Willd. Dark-green Bulrush 
Uncommon around the east side of Spirit Lake. (S&H 10). 
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S. fluviatilis (Torr.) Gray River Bulrush 
Abundant and dominant all over Hale's Slough. (Sigler 34). Grow-
ing in water 31/z feet deep on mud bottom. Attractive to muskrats. 
S. validus Vahl. Soft-stemmed Bulrush 
Abundant in very shallow water or marshy areas between Spirit 
Lake and East Okoboji. (Sigler 70). 
LEMNACEAE (Duckweed Family) 
Lemna minor L. Lesser Duckweed 
Abundant locally in Hale's Slough. (Sigler 54) . Associated with 
Ceratophyllum demersum. 
L. trisulca L. Ivy-leaved Duckweed 
Common in the shallow ponds south of Spirit Lake. (Sigler 11). 
JUNCACEAE (Rush Family) 
Juncus dudleyi Wiegand Dudley's Rush 
Uncommon along the Iowa-Minnesota line in marshy area. (S&H 22). 
J. torreyi Coville Torrey's Rush 
Uncommon along the north shore of Angler's Bay. (S&H 23). 
LILIACEAE (Lily Family) 
Asparagus officinalis L. Asparagus 
Common along the edge of Crandal's Beach. (Sigler 87). 
Smilacina racemosa (L.) Desf. False Solomon's Seal 
Abundant locally in the timber northwest of Crandal's Beach. (Sigler 
101) . 
Class DICOTYLEDONEAE 
SALICACEAE (Willow Family) 
Populus tremuloides Michx. American Aspen · 
Common along the rocky shores near Marble Beach. (Sigler 124). 
JUGLANDACEAE (Walnut Family) 
Carya cordiformis K. Koch Bitternut Hickory 
Common along the rocky beaches on the west side of Spirit Lake. 
(Sigler 130). 
FAGACEAE (Oak Family) 
Quercus borealis Michx. Red Oak 
Q. rubra of Gray, Man. ed. 7, and Britton and Brown ed. 2. 
Reported by Macbride (1900) from northwest shore of Spirit Lake. 
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Q. macrocarpa Michx. 
Common to abundant along the west side of 
125). Often in association with bitternut hickory. 
Burr Oak 
Spirit Lake. (Sigler 
URTICACEAE (Nettle Family) 
Celtis occidentalis L. Hackberry 
Common along the west shore of Spirit Lake. (Sigler 134). 
Ulmus rubra Red Elm 
U. fulva Michx. 
Uncommon to common along the west shore of Spirit Lake. (Sigler 
149a). 
Urtica procera Muhl. in Willd. 
U. gracilis of most Amer. auth. not Ait. 
See Rhodora 28: 192-95. 1926. 
Slender Nettle 
Uncommon in the timber southwest of Cran~al's Beach. (Sigler 106). 
POLYGONACEAE (Buckwheat Family) 
Polygonum aviculare L. Dooryard Knotweed 
Common north of Trickel's Slough. (S&H 32). 
P. coccineum Muhl. 
Persicaria muhlenbergii (Wats.) 
P. muhlenbergii (Meisn.) Wats. 
See Rhodora 24: 162. 1925. 
Pointed Water Smartweed 
Small, in part. 
Common north of Sandbar Slough. (S&H 33). 
P. hydropiper L. Common Smartweed 
Uncommon along Crandal's Beach above the average high-water 
line. (Sigler 82). 
P. natans A. Eaton 
P . natans A. Eaton 
P. fluitans A. Eaton 
See Rhodora 27: 158. 1925. 
Water Smartweed 
Occasional in Hale's Slough and Trickel's Slough, rare to absent 
elsewhere. (Sigler 36). In water from 3112-5 feet deep, mud bottom. 
P. ramosissimum Michx. Bushy Knotweed 
Not uncommon along the Iowa-Minnesota line north of Angler's Bay. 
(S&H 41). 
Rumex maritimus L. Golden Dock 
Common around Angler's Bay in the marshy areas. (S&H 40). 
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CHENOPODIACEAE (Goosefoot Family) 
Chenopodium album L . Lamb's Quarter 
Abundant in the sandy soil along Crandal's Beach. (Sigler 93). 
C. gigantospermum Aellen Maple-leaved Goosefoot 
In the timber south of Crandal's Beach. (Sigler 122). Not common. 
C. standleyanum Aellen 
In sandy soil along the northwest shore of Spirit Lake. (Sigler 112). 
AMARANTHACEAE (Amaranth Family) 
Amaranthus retroflexus L. Upright Pigweed 
Common along the border of the wooded areas, on the west side of 
the lake. (Sigler 107) . 
NYCTAGINACEAE (Four-o-clock Family) 
Mirabilis nyctaginea (Michx.) Macm. 
Oxybaphus nyctagineus (Michx.) Sweet Heartleaf Umbrella-wort 
Common in the sand soil of Crandal's Beach. (Sigler 95). 
CERATOPHYLLACEAE (Hornwort Family) 
Ceratophyllum demersum L. Hornwort or Coontail 
Common in Hale's Slough, Angler's Bay, and Trickel's Slough. 
(Sigler 43). Occasional in the edge of east bay. Rare or absent else-
where. In water from 1 lh-5 feet deep. Growing on mud and sand 
bottom. 
RANUNCULACEAE (Crowfoot Family) 
Ranunculus flabellaris Raf. Yellow Water Crowfoot 
R. delphinifolius Torr. 
See Rhodora 38: 171. 1936. 
Uncommon in Trickel's Slough. (Sigler 40). Growing in 31h feet 
of water on mud bottom. 
R. sceleratus L. Cursed Crowfoot 
Abundant in shallow ponds along the highway just south of Spirit 
Lake. (Sigler 3). Growing in one-half foot of water. 
CRUCIFERAE (Mustard Family) 
Rorippa islandica (Oeder ex. Murr.) Borbas 
R. palustris (L.) Bess. 
Radicula palustris of Am. auth. not Moench. 
Rorippa hispida (Desv.) Britt. 
Radicula palustris var. hispida (Desv.) Rob. 
Marsh Cress 
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See Rhodora 42: 26. 1940. 
Abundant along the east edge of Hale's Slough in the marshy ground. 
(Sigler 60). 
CAPPARIDACEAE (Caper Family) 
Polanisia graveolens Raf. Small-flowered Clammy Weed 
Abundant on Crandal's Beach. (Sigler 96). 
SAXIFRAGACEAE (Saxifrage Family) 
Ribes cynosbati (L.) Mill. Prickly Gooseberry 
Common in the timber area north of Marble Beach Public Access. 
(Sigler 135). 
ROSACEAE (Rose Family) 
Crataegus mollis (T. & G.) Scheele Woolly Thorn 
In the timber north of Marble Beach. Common. (Sigler 129). 
Potentilla paradoxa Nutt. Bushy Cinquefoil 
Along the Iowa-Minnesota line north of Angler's Bay. (S&H 45). 
Common. 
Prunus virginiana L. Choke Cherry 
Common in the edge of the timber above Crandal's Beach. (Sigler 
114). 
Rosa blanda Ait. Smooth Rose 
Abundant locally in the sand at the south end of Crandal's Beach. 
(Sigler 108) . 
Rubus occidentalis L. Black Raspberry 
Growing on the rocky beach in the shade along the west side of 
Spirit Lake. (Sigler 149). Occasional. 
LEGUMINOSAE (Bean Family) 
Melilotus alba Desv. White Sweet Clover 
Abundant along the beach at Crandal's both above and below the 
ice line. (Sigler 84). 
Robinia pseudoacacia L. Black Locust 
Growing sparsely south of Crandal's Beach. (Sigler 116). Possibly 
escaped from cultivation. 
EUPHORBIACEAE (Spurge Family) 
Eu,phorbia esula.. L. 
E. virgata Wald. & Kit. 
See Rhodora 39: 50. 1937. 
Uncommon along Crandal's Beach. (Sigler 76). 
Leafy Spurge 
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E. heterophyll.a L. Various-leaved Spurge 
Uncommon in timb.er above Crandal's Beach. (Sigler 120). 
E. nutans Lag. Upright Spotted Spurge 
E. preslii Guss. 
E. maculata of recent authors, but not of L. 
Common along Crandal's Beach. (Sigler 77). 
ANACARDIACEAE (Cashew Family) 
Rhus gl.abra L, Smooth Sumac 
Common in the edge of the timber south of Crandal's Beach. (Sigler 
132). 
CELASTRACEAE (Staff-tree Family) 
Euonymus atropurpureus Jacq. Wahoo 
Common in the timber along the west side of Spirit Lake. (Sigler 
131). 
ACERACEAE (Maple Family) 
Acer negundo L. Box Elder 
Abundant in the timber west of Spirit Lake. (Sigler 85) . 
TILIACEAE (Linden Family) 
Tilia americana L. Basswood 
Commonly growing with the oak-hickory associations on the west 
side of Spirit Lake. (Sigler 133). 
HALORAGACEAE (Water Milfoil Family) 
Myriophyllum spicatum L. Water Milfoil 
The dominant plant in Angler's Bay, (Sigler 28) , forming a heavy 
mat over much of eastern edge of the bay. Abundant in Trickel's Slough. 
Common in Hale's Slough. Uncommon to rare elsewhere. Growing in 
water from 11/2-3% feet deep, in mud, or mud and sand bottom. Never 
abundant in wind-swept areas. 
UMBELLIFERAE (Parsnip Family) 
Sium suave Walt. 
S. cicutaefolium J. F. Gmel. 
See Rhodora 17: 131. 1945. 
Hemlock Water Parsnip 
Along the road north of Angler's Bay. (S&H 43). Uncommon. 
OLEACEAE (Olive Family) 
Fraxinus pennsylvanica Marsh 
North of Marble Beach. (Sigler 123). Common. 
Green Ash 
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ASCLEPIADACEAE (Milkweed Family) 
Asclepias syriaca L. Field Milkweed 
In open areas along the west side of Spirit Lake. (Sigler 79). 
VERBENACEAE (Verbena Family) 
Verbena urticaefolia L. White Vervain 
Along the lake shore north of Marble Beach. (Sigler 140). Un-
common. 
LABIATAE (Mint Family) 
Leonurus cardiaca L. Motherwort 
West Shore of Spirit Lake in partially shaded areas. (Sigler 103). 
Uncommon. 
Lycopus americanus Muhl. Cut-:leaved Bugleweed 
See Rhodora 38: 374. 1936. 
In low ground north of Angler's Bay. - (S&H 46). Uncommon. 
L. asper Greene Western Bugleweed 
In low areas north of Angler's Bay. (S&H 47). Uncommon. 
SOLANACEAE (Nightshade Family) 
Physalis sp. Ground Cherry 
Growing just out of reach of the waves along Crandal's Beach. (Sigler 
94). 
SCROPHULARIACEAE (Figwort Family) 
Verbascum thapsus L. Great Mullein 
Common in the open timber west of Spirit Lake. (Sigler 147). 
LENTIBULARIACEAE (Bladderwort Family) 
Utricularia macrorhiza LeConte Greater Bladderwort 
U. vulgaris L. var. americana Gray 
Abundant in the shallow ponds along the highway just south of 
Spirit Lake. (Sigler 1). 
CAPRIFOLIACEAE (Honeysuckle Family) 
Sambucus canadensis L. Elderberry 
In the open areas of the timber north of Marble Beach. (Sigler 
149b) . Occasional. 
Symphoricarpos occidentalis Hook. Western Buckbrush 
Extremely abundant along the west and northwest shore of the 
lake. (Sigler 105). The dominant shrub. Growing under a wide variety 
of conditions. 
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CUCURBITACEAE (Gourd Family) 
Sicyos angulatus L. One-seeded Bur Cucumber 
Common on the sand around Crandal's Beach. (Sigler 119). 
LOBELIACEAE (Lobelia Family) 
Lobelia siphilitica L. Great Lobelia 
North of Angler's Bay along the highway. (S&H 44). Uncommon. 
COMPOSITAE (Sunflower Family) 
Ambrosia elatior L . Common Ragweed 
A. artemisiifolia L. 
Abundant in unshaded areas all around the lake. (Sigler 83). 
Artemisia cam;pestris L. Sage 
Along Crandal's Beach, often with lesser ragweed. (Sigler 78). Un-
common. 
Aster finkii Rybd. var. moratus Shinners 
In the timber north of Marble Beach. (Sigler 143). Rare. 
A. paniculatus Lam. Panicled · Aster 
Nor.th of Marble Beach, along shore. (Sigler 137). 
Ridens cernua L. Nodding Bur Marigold 
In shallow water, and along shore around Hale's Slough. (Sigler 65) . 
Common. 
B. frondosa L . Begger Ticks 
Fairly common but not abundant around the lake. (S&H 48) . 
Cirsium vulgare (Savi) Airy-Shaw Bull Thistle 
C. lanceolatum (L.) Hill 
Common along the west side of Spirit Lake. (Sigler 148) . 
Erigeron canadensis L. Horse Weed 
Growing above Crandal's Beach along the timber line. (Sigler 75). 
Not common. 
Eupatorium rugosum Routt. 
E. urticaefolium Reichard 
See Rhodora 40: 293. 1938. 
White Snakeroot 
Growing in the timber above Crandal's Beach. (Sigler 117). Occa-
sional. 
Lactuca canadensis L. Canada Lettuce 
Rocky shore on the west side of Spirit Lake. (Sigler 145). Common. 
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L. scariola L. Prickly Lettuce 
Timber area above Crandal's Beach. (Sigler 109). Common. 
Solidago altissima L. Tall Goldenrod 
Common around Spirit Lake. (Sigler 138). 
S. gigantea Ait. 
North of Marble Beach in the open timber. 
Taraxacum palustre (Lyons) Lam. & DC. 
T. officinale Weber 
See Rhodora 35: 380. 1933. 
Leontodon taraxacum L. 
Common around the lake. (Sigler 81). 
Serrate-leaved Goldenrod 
(Sigler 139) . 
Dandelion 
Xanthium italicum Mor. Common Cockle Burr 
Common around Spirit Lake. (Sigler 80). 
SUMMARY 
The present report on a survey of aquatic and marginal plants of 
Spirit Lake, located in northwestern Iowa, includes 116 species repre-
senting 45 families. These are enumerated in an annotated check list in 
which pertinent facts concerning their distribution and ecology in the 
Spirit Lake region are recorded; significant synonymy is also given. 
A brief physical and geological description of Spirit Lake and the 
surrounding region is presented. The vegetation of the surrounding 
region is discussed briefly. 
A discussion of the plant communities existent in and about the lake 
is also presented. Five shallow-water and dry-land communities and 
thirteen aquatic communities are described, and the dominant and more 
abundant species in each are listed. 
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SEED CHARACTERS OF COMMON CLOVERS (TRIFOLIUM) 1 
DUANE IsELY 
From the Botany and Plant Pathology Section, Iowa Agricultural 
Experiment Station 
Received April 19, 1948 
Clovers occupy much of a seed analyst's time. Not only are the 
clovers among our most common and useful crops, but they are also 
sold in various grass and pasture seed mixtures. Such mixtures, which 
must be accurately analyzed, frequently contain the seeds of several kinds 
of clovers. 
Seeds of ten species of clovers are illustrated by Hillman and Henry 
(1935) , and the seed characters of alsike, ".'lhite, red, and crimson clover 
are briefly described and illustrated by Musil (1942). There are, however, 
no complete descriptions of the seed characters of all species of clovers 
likely to be encountered by seed analysts in this country. This compila-
tion has been devised, therefore, to provide complete descriptions, in one 
place, of all of the economically important species, whether crops or 
weeds. A few less common types are mentioned secondarily. 
GLOSSARY OF DESCRIPTIVE TERMS 
The taxonomic vocabulary for seeds is so incomplete that it is 
frequently difficult to describe them precisely without coining special 
terms or employing certain words in a restricted or special sense. Terms 
applied to clover seeds in this paper are defined as follows: 
Accumbent-medianly recurved with the radicle lying against the 
cotyledon margins. 
Basal (end or margin)-the end of the seed at which the embryo is 
bent; opposed to the terminal extremity (see Fig. 2). 
Collar-a slightly raised flange or rim about the hilum. 
Cotyledonary lobe-the segment or lobe of the seed containing the coty-
ledons (see Fig. 2). 
Divergent-directed outwards; away from. 
EHipsoidal-(as contrasted with ovoid) widest at the middle and of the 
same width at both ends (see Fig. 1). 
Elongate-longer in one axis than the other two. 
Emarginate-notched or shallowly. lobed. 
Embryo-the undeveloped plant within the seed. 
Flush-level with the adjacent surface; not terminating in a lobe or pro-
jection. 
1 Journal Paper No. J- 1542 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 86. 
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Furrow-an external depressed longitudinal line following adjoined 
cotyledon and radicle margins (see Fig. 2). 
Hilar notch-the emargination in which the hilum is located (see Fig. 2). 
Hilum-the attachment scar of a seed. 
Included-not projecting; contained within the seed proper. 
Lateral (margin)-one or the other of the elongated sides of the seed, 
one outlined by the longitudinal margin of the cotyledons, the other 
by the radicle (see Fig. 2). 
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Frc. 1 (left). Diagrammatic representation of certain terms employed in text: A . 
Ovate (3-dimensional equivalent, ovoid) . B. Obovate (3-dimensional equivalent, 
obovoid) . C. Elliptical (3-dimensional equivalent, ellipsoidal) . D. Plump seed cross-
sectional shape. E. Compressed or flattened seed cross-sectional shape. 
FIG. 2 (right) . Red clover, diagrammatic. 
Micropyle-an inconspicuous aperture or a small spot on the seed coat 
located on radicle side of hilum. 
Ovoid-egg shaped, one end broader than the other (see Fig. 1) . 
Radicle lobe-the segment or lobe of the seed containing the radicle (see 
Fig. 2). 
Reniform-kidney-bean shaped; in side view with one straight or convex, 
and one concave longitudinal margin. 
Strophiole-a small area in proximity to hilum on cotyledonary side; 
usually contrasting in color or texture with the rest of the seed. 
Terminal (end or margin)-the end of the seed outlined by the distal 
portion of the cotyledons and tip of the radicle; opposed to the basal 
extremity (see Fig. 1). 
SEED CHARACTERS OF COMMON CLOVERS 
Truncate-blunt; neither rounded nor pointed. 
Tubercular-possessing minute projections or prominences. 
Umbonate-slightly raised or swollen. 
GENERAL CHARACTERISTICS OF TRIFOLIUM SEEDS 
127 
The seeds of Trifolium herein considered are ovoid to ellipsoidal or 
oblong-ellipsoidal in general appearance. In cross-section they range from 
plump to somewhat compressed or flattened. The hilum is marginal in 
a conspicuous or inconspicuous notch. It, as well as the notch in which 
it occurs, may be terminally located, the resultant seed shape being 
nearly or approximately bilaterally symmetrical (as in T. hybridum) , 
or it may have a lateral position, resulting in a seed of distinctly asym-
metrical form (as in T. prate.nse). In size, the seeds range from approxi-
mately 1 mm. in length (as in T. arvense or repens) to 4 mm. (as in T . 
subterraneum). 
The hilum lies just beyond or to one side of the terminus of the 
radicle lobe. It is usually circular in form, whitish, scurfy, or brownish 
in appearance. The strophiole and micropyle are both located in close 
proximity to the hilum. The micropyle, when discernible, appears as a 
minute black dot at the margin of the hilum on the radicle side. The 
strophiole, located on the opposite side of the hilum, may or may not 
be clearly evident. It commonly appears a slightly darkened area in which 
a short, longitudinally extended slit often is evident. In some species it 
is slightly raised as an umbonate, dark-pigmented prominence (as in 
T. arvense). 
Clover seeds vary in color from yellow or greenish-yellow to dull 
black or purplish. Those of some species are mottled or blotched. Various 
colors may be observed in seeds of the same species, dependent upon 
the age or stage of maturity when harvested. Usually immature or 
shriveled seeds soon take on a dull brown coloration. Changes in color 
with increasing age are most distinct in species with light colored seeds; 
e.g., white clover, the hop clovers, or yellow seeds of red clover. Such 
seeds, after a year in storage, usually lose their bright yellowish appear-
ance and become an orange-yellow. Later they may become dull orange 
and eventually reddish-brown or brick-red. The surface of the seed coat 
in most species is smooth and either shiny or dull in appearance. In 
contrast, seeds of T. parviflorum and T. stoloniferum are finely roughened 
or tubercular. 
The seed of Trifolium consists of a thin endosperm layer and an 
embryonic plant inside the seed coat. The embryo is of an accumbent 
type with the radicle recurved and appressed against the margin of the 
cotyledons. In some species, the radicle is as long as the cotyledons, in 
others, shorter. This variation is the most important factor contributing 
to variation in the external form of the seeds. If the radicle is shorter 
than the cotyledons (as in T. pratense, Fig. 11), the seed shows a marginal 
notch or concavity on the radicle side where the radicle fails to extend 
to the end. If the radicle is nearly equal to the cotyledons (as in T . hybri-
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dum, Fig. 8), the notch, if present, is terminal, and the seed appears 
much more nearly symmetrical. The longitudinal furrow visible on seeds 
of many species follows the line of juxtaposition of the cotyledons and 
the radicle. 
While most of our cultivated species of Trifolium may be identified 
readily by their seed structure, it is unusual that varieties or strains of 
a particular species can be differentiated by their seeds. 
DISTINCTIONS BETWEEN SEEDS OF TRIFOLIUM 
AND THOSE OF RELATED GENERA 
Trifolimn seeds are markedly similar in appearance to those of 
several other legumes, and no single characterization will completely 
differentiate them. 
Agronomic species of Medicago and Melilotus may perhaps be most 
easily confused with certain species of Trifolium. Most Medicago2 seeds 
present a laterally elongate or reniform appearance differing from the 
ovoid or obovoid form typical of the greater number of Trifolium species. 
Certain seeds of alfalfa (Medicago sativa) may closely resemble red 
clover. Distinction, in most cases, can be made on the basis of the more 
flattened, angular or twisted shape, and the less glossy color of the 
alfalfa. Black medic (l\lledicago lupulina) seeds are similar to the seeds 
of several spP.cies of Trifol.ium but may be distinguished by the presence 
of a well-marked, divergent projection contiguous to the lateral hilum 
(i.e., in black medic) and by their plump shape and dull yellowish-green 
color. Sweet clover (Melilotus alba and M. officinalis) seeds are sometimes 
confused with those of red clover. Sweet clover seeds are more flattened, 
less distinctly notched, and possess a more nearly terminal hilum than 
red clover; they thus present a more nearly symmetrical appearance. 
Sweet clover, furthermore, possessing a rougher and more granular seed 
coat, does not exhibit the shiny surface characteristic of well-devloped 
seeds of red clover. 
Instances have come to the writer's attention of crimson clover seeds 
being confosed with those of Sericea lespedeza (Lespedeza sericea). The 
latter are smaller and more flattened than crimson clover, and the surface 
is inconspicuously mettled. 
DESCRIPTIVE TREATMENT 
It should be emphasized that synoptical keys, illustrations, and 
descriptions having reference to such objects as closely similar seeds 
are, at best, only "guide-posts." Such guides are no substitute for the 
subtle distinctions which can be made through the medium of close 
familiarity gained by continued experience. To "know" clover seeds, one 
must acquire this experience. 
' The common forms of Medicago are discussed in detail in another paper 
(Isely, 1947). 
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SYNOPSIS OF PRINCIPAL DISTINCTIONS BETWEEN SEEDS OF 
NINE COMMON SPECIES OF CLOVER 
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This synopsis will not provide infallible identification of the species 
treated-immature seeds are particularly troublesome in this respect. It 
presents a quick reference outline tabulation and should be employed 
in conjunction with the more complete descriptions which follow. 
A. Seeds 1.7-2.5 mm. in length; radicle lobe 0.4-0.8 as long as cotyle-
donary lobe; hilum lateral. 
B. Seeds 2.2·-2.fi mm. in length, ellipsoidal, nearly symmetrical; 
radicle lobe non-evident, nearly included; surface yellowish to 
orange-yellow ... ...... ................ .... ... Crimson clover (T. incarnatum) 
BB. Seeds 1.7-2 mm. long, strongly lobed or asymmetrical; radicle 
lobe evident, frequently somewhat divergent; surface yellowish 
to purple-black. .... ... ... ..... ... ..... ........ .... .. ...... Red Clover (T. pratense) 
AA. Seeds up to 1.3 mm. in length; radicle lobe from (0.7) 0.8-1.1 as 
long as cotyledonary lobe; hilum terminal to obliquely lateral. 
C. Seeds yellowish-green to greenish-black or black (immature 
shrunken ones may be dull red-orange) , mostly 1.2-1.3 mm. in 
length. 
D . Seeds shiny, "oily," yellowish-green to greenish-black, 
radicle lobe equaling or slightly exceeding cotyledonary 
one ...... ... ..... .. ......... .... ..... .... Persian clover (T. resupinatum) 
DD. Seeds not shiny, dull green to black; radicle lobe usually 
slightly shorter than cotyledonary one ... ... .. ..... .............. .... .... . 
.............. .... ... ... ... .. ..... .. ... .... .. .. ..... Alsike clover (T: hybridum) 
CC. Seeds yellowish to orange-yellow, sometimes faintly greenish 
marked, mostly 1-1.2 mm. in length. 
E. Seeds dull or slightly glossy; hilum subterminal or 
terminal; usually in a distinct notch; furrow generally 
evident. 
F. Seeds ellipsoid to obovoid, usually plump; apex 
rounded; hilum in a shallow subterminal concavity; 
upper portion of furrow frequently dark in color; 
surface of seed charC}cteristically a pale lemon-
yellow ...... ....... ..... .. Rab bit's-foot clover (T. arvense) 
FF. Seeds obovoid, usually compressed; apex truncate, 
emarginate, or asymmetrically notched; hilum 
oblique or terminal; furrow not darkened; surface 
of seed dull yellow, orange-yellow, or with a faint 
greenish cast. 
G. Hilum usually terminal, radicle lobe generally 
nearly equaling cotyledonary one; seeds char-
acteristically 1.0-1.1 mm. in length, usually 
entirely yellowish ..... .. . White clover (T. repens) 
lW D. IBnY 
GG. Hilum usually oblique, radicle lobe generally 
slightly shorter than cotyledonary lobe; seeds 
characteristically 1.1-1.2 mm. in length, usually 
faintly greenish towards base ........................ .. .... .. 
.. .................................. .... Hop clover (T. agrarium) 
EE. Seeds shiny or glossy; hilum lateral to subterminal, 
nearly flush with the margin, or if in a distinct notch, 
usually lateral in position; furrow usually indistinct or 
absent. 
H. Seeds broadly ellipsoidal, about 0.8 mm. wide, 
weakly notched ... .. ........ .. .. ..... ...... .... .. .. .......... .... .. 
.. ...... .. ... ... .. ... ... Suckling clover (T. dubium) 
HH. Seeds more narrowly ellipsoidal than above, 
about 0.6 mm. wide, distinctly notched ........ .. 
..... .. .. .. .. ... Large hop clover (T. procumbens) 
DESCRIPTION OF SEED CHARACTERS 
Trifolium agrarium L. Hop clover (Fig. 9) 
Seeds about 1.2 mm. long and 0.8 mm. wide. Shape obovoid, apically 
asymmetrical. Radicle lobe 0.8-0.9 as long as seed, terminating against a 
distinct marginal notch, or less commonly flush with the margin. Furrow 
distinct, at least apically. Hilum oblique to subterminal, flush with the 
margin or slightly depressed. Surface dull. Termi'nal portion of seed 
generally yellowish, the basal yellowish-green. 
Annual, adventive, and naturalized over a wide area in North 
America. It is said to have value as forage but is little planted commer-
cially. 
Trifolium arvense L. Rabbit's-foot clover (Fig. 4) 
Seeds about 1 mm. long and 0.75 mm. wide. Shape ellipsoidal to 
obovoid; seeds plump, or if somewhat immature, flattened. Apex nearly 
symmetrical or evenly concave-curved on radicle side. Radicle lobe 
approximating or slightly shorter than seed. Furrow usually discernible, 
at least apically, and commonly darkened. Hilum obliquely subterminal, 
flush with the margin or depressed. Strophiolar area glazed, somewhat 
umbonate, usually visible in side view as a short projection. Surface dull, 
commonly appearing finely punctate under magnification. Color a rather 
distinctive pale lemon-yellow or yellowish with a faint cast of green. 
Calyx fragments sometimes found with seeds are conspicuously long 
villous. 
This adventive, annual clover is now a common weed in the south-
eastern United States. 
Trifolium dubium Sibth. Suckling clover, Hop clover (Fig. 5) 
Seeds approximately 1.2 mm. long and 0.8 mm. wide, occasionally 
somewhat smaller. Shape plump-ellipsoidal, nearly symmetrical. Im-
mature seeds may be somewhat compressed and of a slightly greater 
10 11 
FIGS. 3-11. Seeds of common clovers. lOx. 
3. Trifolium procumbens 
4. T. arvense. 
5. T. dubium. 
6. T. repens. 
7. T. resupinatum. 
8. T . hybridum. 
9. T. agrarium. 
10. T. incarnatum. 
11. T. pratense. 
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width and length than above indicated. Radicle lobe 0.75-0.85 as long 
as the seed, terminating nearly flush with the margin or marked by a 
slight concavity or notch. Furrow indistinct or absent. Surface shiny 
yellow, this color soon changing to orange-yellow or dull red with 
increasing age. Immature seeds are usually reddish-brown. 
A widespread, naturalized annual, sometimes planted in the southern 
states as a component of pasture mixtures, particularly in combination 
with white clover. 
Trifolium hybridum L. Alsike clover (Fig. 8) 
Seeds mostly 1.2-1.3 mm. long and 0.8 mm. wide. Shape obovoid, 
usually nearly symmetrical. Apex truncate, notched. Radicle lobe slightly 
shorter than or nearly equaling length of seed. Furrow indistinct to 
distinct. Hilum terminal in apical notch. Surface nearly smooth, dull. 
Color ranging from dull black in fully mature seeds through various 
shades of greenish-black and olive green to greenish- or reddish-yellow 
in immature seeds. Distinctions between immature seeds of alsike and 
white clover are discussed under the latter on a subsequent page. 
Alsike clover, introduced from northern Europe, is employed in the 
northern United States for the same purposes as red clover. It is more 
adaptable to varied soil types than red clover and is usually planted in 
areas where red clover does not thrive, or in pasture mixtures. 
Trifolium incarnatum L. Crimson clover (Fig. 10) 
Seeds approximately 2.4 mm. long and 1.8 mm. wide. Shape ellipsoi-
dal, nearly symmetrical or slightly asymmetrical. Radicle lobe much 
shorter than seed, nearly even with the cotyledon margin at its terminus 
or contiguous to a slight notch. Furrow indistinct or absent. Hilum 
lateral, about two-thirds of the distance to apex, frequen,tly with a well-
developed collar. Strophiolar area commonly conspicuous; frequently 
darkened, especially in old seeds. Surface relatively shiny, yellowish-
orange, becoming reddish with age. 
This European winter-annual clover is widely planted in the eastern 
and southeastern portions of the country and extends as far north as New 
Jersey. It is used for pasturage, green manure, and hay. 
Trifolium pratense L. Red clover (Fig. 11) 
Seeds 1.7-2 mm. long and 1- 1.2 mm. wide, immature ones sometimes 
considerably smaller. Shape plump or somewhat compressed-ovoid, but 
strongly asymmetrical. Radicle lobe much shorter than cotyledonary lobe 
(0.4- 0.8 mm. as long), quite variable in length and frequently somewhat 
divergently directed, the seeds thus characteristically being bilobed or 
"mitten shaped." Furrow usually indistinct or non-evident. Hilum lateral, 
slightly depressed in the angle at apex of radicle lobe. Surface relatively 
glossy, smooth. Seeds most commonly dark-purplish (or purple-black) 
at base and apically yellowish; the proportion of the surface which is 
characterized by one color and that which is marked by the other is 
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different for almost every individual seed and varies between the extremes 
of solid yellow and solid purple. 
This is our most important clover from the agronomic standpoint. 
Like most of the others, it has been introduced from Europe. It is planted 
chiefly for hay and in crop rotation systems. 
Trifolium procumbens L. Large hop clover, Hop clover (Fig. 3) 
Seeds about 1.2 mm. long and 0.6 mm. wide, similar to T . dubium 
but narrower, and with a more distinct notch above radicle terminus. 
Hilum lateral to subterminal, usually in a distinct concavity. 
Introduced from Europe and widely distributed in this country, 
although apparently not so common as other hop clovers. It is employed 
agriculturally to a slight extent in pasture mixtures for southern planting. 
Trifolium repens L. White clover (including the varieties Ladino and 
Dutch clover) (Fig. 6) 
Seeds about 1.0-1.1 mm. long and 0.7-0.8 mm. wide. Shape obovoid, 
nearly symmetrical to markedly asymmetrical, usually laterally com-
pressed. Apex truncate to oblique-slanting or curved, usually notched or 
lobed. Radicle lobe most commonly nearly equaling seed length, but at 
times markedly shorter and somewhat divergently directed, then simu-
lating shape of red clover. Immature seeds frequently somewhat angular. 
Furrow usually rather distinct. Hilum terminal in apical notch or some-
times laterally offset. Surface dull yellowish, turning orange-red with 
age; immature seeds are frequently tinged with green. 
Immature seeds of white and alsike clover are frequently difficult to 
· distinguish, both possessing a yellowish-green coloration and similar size 
and shape. Weisner (1940) indicates that differentiation between these 
seeds may be facilitated by noting the localization of the color-white 
clover exhibiting a yellowish tinge primarily on the radicle lobes, and 
alsike clover principally on the cotyledons. Observations by the writer 
indicate that reliance can frequently, but not invariably, be placed on 
this criterion. 
Cultivated and wild strains of whi~e clover cannot be distinguished 
by seed characters; neither can Ladino clover be determined on this basis. 
Munn (1940) and earlier authors (cited by him) report on a "picric acid 
test" for distinguishing between young seedlings of cultivated and wild 
strains of white clover. Brennand (1945) discusses the differences between 
plants of Ladino and White Dutch clover. 
White clover, a native of Europe, is naturalized over nearly all 
temperate North America, besides being widely planted in pasture and 
lawn mixtures. 
Trifolium resupinatiim L. Persian clover (Fig. 7) 
Seeds about 1.3 mm. long and 1 mm. wide. Shape obovoid; seeds 
apically truncate, usually emarginate, nearly symmetrical, slightly more 
curved on radicle side than opposing cotyledonary margin. Radicle lobe 
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nearly equaling or slightly exceeding cotyledonary one. Furrow absent 
or distinct, usually low and wide. Hilum terminal, slightly offset to the 
narrower radicle side. Surface smooth, shiny. Seeds, at maturity, dark, 
"oily-green" or almost black in color; incompletely immature seeds are 
usually light green or yellowish-green, or if shrunken and discolored, 
exhibiting various hues from reddish-brown to grey-purple. 
A native of the Mediterranean region, this plant has been introduced 
into the southern states. It is a winter annual and is valuable for 
pasturage in late fall and early spring. 
LESS COMMON CLOVERS (Figs. 12-18) 
Egyptian clover or Berseem (Trifolium alexandrinum L.) , an impor-
tant agricultural crop in Egypt, is grown in this country on a limited 
basis. The seeds are somewhat similar to red clover in general appearance 
but are slightly larger, longer, less distinctly lobed, and of a uniform 
color. 
Subterranean clover (T. subterraneum L .) has been experimentally 
planted in the United States. The seeds of this plant are quite distinctive, 
being large (2.5-4 mm. in length) and solid purple-black in color. 
Strawberry clover (T. fragiferum L.) , a native of Asia Minor, is 
said to have value for saline soils. The seeds have a shape somewhat 
similar to that of alsike clover but are longer and possess a dull, purplish-
mottled coloration. 
Seeds of Lappacea clover (T. lappaceum L .) are ovoid, relatively 
small, and characteristically possessed of a scurfy or cobwebby whitish 
covering about the seed coat. 
Teasel clover (T. parviflorum Lois.) seeds are of a shape and color 
similar to T. agrarium but may easily be distinguished by their distinctly 
warty appearance. 
Crooked clover (T. angulatum Wald. and Kit.) seeds are quite small, 
dark, and finely warty. 
Buffalo clover (T. reflexum L.) seeds possess a narrow radicle lobe 
equaling or slightly exceeding the cotyledonary one and are finely warty. 
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